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(54) PROCESSOR FOR INPUT/OUTPUT PROCESSING SYSTEM 

(71) \le, HONEYWELL INFORMATION SYSTEMS INC, i Corporaiion 
or^aoised and ezistmg under the laws of die Stale of Delaware, .UoitBd Sutea of 
AiDcrica, of 200 Smitfa Scrtec, Waldam» Masuduisects 02154, Uatcd Scaces of 
Amenca, do bexeby declare die invescion for wfaidi wc pcay that a ptceiu nmj be 

5 granted to us, and cfae method by which it t» to be pcffoimcd to be pamcularly dcv 5 

chbed in and by the folUywing statement : — 

This inventioo relates geoenlly to data processing systema, and more particu- 
lariy to a proocssor for use in as input/outpuc prooesaing systcoL 

In the prior art, large aouliiprocessor daa processing systems utiliae input/output 

10 processing systems for interfacing periphenl devices and the main processing unit |o 

Such input/ output processing systems are required for establishing data race com* 
padbility, addresaiag, and general daa exdange cootzoL 

In the Honeywell 6000 Series lai^e computEr systems, for exampfe, peripheral 
devices are connected to and controlled by mtaoprogrammed pehphcral cootroilers 

1 5 (MPQ wfaicb, in turn, are coonectBd to itte main prooessiag unit through an input/ 1 5 

output tnulciplezer (lOM). (Honeywell is a Registered Trade Mark). 

The lOM is the coordiottor of all input/output operations between the comple- 
menc of peripheral devices and the naain processing unit oonttoller. The lOM 
operates essentially u a hard wired prognm device controlled by, and sharing menMory 

20 with, a main prooesior Data transfers between a peripheral device and naun memory 20 
are accotnpUshed by the lOM while the main processor nms jobs. The lOM indude^ 
a pluralcy of data fhannrh for communicating with peripheral devices and a central 
channel which coonols access to main memory for each of the data channels. The 
data channels include common perifrfieral intrrfOT (CPI) channeb having a transfer 

25 rate in excess of 650,000 characters per second, which inoafaoe with many bw speed 25 
periphenl devices. Additionally, the data fhannrh include peripheral subsystem inter, 
face (PSI) channels having a transfer rate up to 1 J million characters per second 
which are used widi high speed peripbexal <tfvioes sudi aa disks. Further, a direa 
channel is provided for front-end processors and allows data transfers as high as 1 

30 miiliao bytes per seoood. 30 
Eiieinal to the lOM aiul concroUing the various peripheral devices are magnetic 
tape GontToUen, unit record controllers for low speed peripheral devices such as card 
readers and printers, and MFC's for high speed disk devices. 

The present invention provides a processor for use in an input-output process- 
35 ing system which system performs commumcatioo and contzol functioiu in a larger 35 
daa processing syston, comprising: 

a) data-in register means, 

b) data-out register means, 

c) instruction register means receiving and storing a plurality of instmcdons to 

^0 be executed, 40 

d) control store means storing addressable microinstructioas inrl tiding standard 
sequences of microinstructiom oortcspooding to specific instructions, 

e) switch means addressing said cootiol stort means and catting miczoinstructioos 
in response to an instruction in said instiuctioo register means, a return address 
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request, a next ad<lrws request, an cxccpcion/ interrupt routine request, or a pa«e 
able word mass indiatiaa, 

0 adder/shiher nnns pcrforxning address fonaatioo, ariihmeiic operations, ax»d 
daa maiupulations rcqiued for instrucnoo execution* 

g) w Dffcing register means storing an instruction count, data being processed, and 

memory addresses, and providing an address output and a daa output, 

J^) * P>gc tsWc word scratchpad receiving rekuve address outputs from said 

wOTing register means and developtng» with saki addcr/sfasfter means» absolute 
addmtfi, 

i) a geoctal register scratchpad responsive to ssid control store means and receiv- 
ing relative address outpuu from said working register nxeaiM» aikl ifw-iitHjny « pro- 
cess state register, an instruction counter, a pa^e table base rtsiscer, and a pluralitv of 
general registen> r 7 

i) a first operand switch providing operands to said adder/shifter nr^n\ the 
operands induding dau from said working register cKans and data from said 
general register scratchpad, 

k) a secouJ opennd switdi providing operands to said adder/shifter 
the operands including displaccmcno and values from said instruction register means, 
instruction oounoer incnmcno and coostants from said control store, and daa from 
20 said daa-io register 

1) pcooess state and process control register oaeans responsive to inputt from said 
working cegister means nxnitoring and cootroUing processor operation* 

m) a result cross-bar urns providing outputs to said data-out register "^n ^. 
said working register means ai«I an operator display panel, and 
25 n) switch means providing inputs to said result cxoss-te means from said adder/ ^5 

shifter means» said general register scratchpad, said process state and process control 
register means, aiMl addresses: 

This processor can thus fonn the ptuc e sau r portion of an input/output process- 
xag system which confines conm»inication and contrd functions, thereby 
30 main processor of these functions. The bask elements oi tht ii^/output s^tem 
mdude a system interface unit (SIU), a high speed multiplexer, a low speed multi- 
ptoter, at lost one local measoty, a rexaoce noemory adaptor, and a processor. The 
system interface unit provides connections between the basic elements of die input/ 
output systea^ and in addition co providing for access to local or remote memory br 
35 the odicr modules, the SIU provides for direct accessing of die multipiexers by the 
processor. 

Functions not directly invohned with hi^i-speed data transfcn are performed by 
tlie processor. These functions indude initiation and tcrminatioo of I/O conmaod 
sequeom, fetching, chocking, and transUting diannel programs, and direct control of 
low spwd penphexal devices such as unit record and data communications equip- 
wB^^Tbc processor abo provides absolute address development for paged m nmr y 

A prooaor in acoordance widx die invention wiD now be described by way of 
example, with reference to the accompanying drawings, in which: 

Fig. 1 is a block diagram of an lOP system indudhig the processor; ac 
Fig. 2 is a block diagram of die processor; ^ 
f * 3 is a Uock and timing diagram for local and remote comrol registers of die 
processor; 

Fig. 4 is a block diagram of a adder/diif ter unit of the processor; 

Fig. 5 is a schematic diagram of address development in die processor, and 50 
Figs. 6 00 20 are timang diagrams of various routine operations of the processor. 
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Shift InstixjcooQs 
Bit Field Instructions 
Bnncfa Instructions 
Tuning Oitgmu 

10 Input/Output System 

The input/output synem operates in aswdation with the main processor and 
memory of a hige commputer system to provide multiplexing and contxoi of daa 
transfers between peripheral devices (Le. disk, tape, unit record, communications, etc.) 
and the central processing unit. Generally its functions include the addressing and 
15 cootroUing of daa tiansfera between the peripheral devices and the main memory. 

Figure 1 is a block diagtamm of the 1/0 system. 1 ^ 

The central component of the I/O system is a system interface unit (SIU) 
which provides coonectios between the various components of die system. Iii addition 
to providing for access to local or remote memory by the odier modules of the system* 
20 the SIU provides for diiea addressing of multifHexers and controller adapton by the 
processor. The SIU also concrob the interrupt dT«dptigc of the system 

As will hereinafter be described in detail, the proGessor is general purpose indud* 
ing a complement of tcgister-oegister, register-memocy, inxnediate, braodi, bit fi*^, 
and shift instructiom. 

25 A co mm i inlrari ons input/output (CMIO) unit provides direa oontnl of data 

transfers between consmunications line adaptors and the local memory. Interaction 
with the input/output processor (lOP) via the SIU is aeocssary for data transfer 
cootzoL 

The local memory in the system is organized as a twvyport cross-barred read/ 
30 write store with an optional cache (book-aside assodactve nxmory). A remote memory 
adaptor (R£MA) provides a means of exdtangiDg control signals and data b Mwu,u 
the lOP processor axxl remote memory uniti. 

A high-^»ed mukiplexer (HSMX) pexmio dir«a oontrtl of daa transfers be* 
tween hi^-speed peripheral devices (disk«<ape) aixi the local memory. A low-speed 
35 multiplexer (LSMX) permits direct control by dtf IC^ prooesor of low-speed peri- 
pheral devices, including unit record peripherals, consoles, and data communications 
adaptors. 

Disk and tape devices are connnyred to the high-speed multiplexer by controller 
adaptors. 

40 Performance and daa transfer rates for die I/O system iodude a local memory 

cyde time of 140 oanoseoonds with cache (look-«side associative memory). The high- 
speed multiplexer channel rate is 5 naegabio per second with a tooi through-put of a 
a single H$MX 10 megabytes per second. The low-^peed multiplexer through-put 
is determ&oed by the attach mmo to io device adaptors, with a maTifrti.fti burst data 

45 traotfer rate of approximately 70 kilobytes ps seoood. Tool wM^ifr^im input/ouqjut 
transfer rate is 30 megabytes per secoxkl for each R£MA cnmected to the SIU. 

Eadi active pon of the SIU may iodude a daa interface (DI) and a progtaiD- 
nable interface (PI) for an attached device. For example^ the HSMX will have a daa 
interface for the high-speed transfer of data and a programmable interface for con>- 

50 municarioo to and from die processor. The LSMX, on the other hand, has only a 
PI for daa transfers and processor control cf the LSMX 

MezDory of the I/O system is paged. Therefore, memory addresses may be 
virtual or paged addresses or absolute addresses. A paged address must be converted 
by die processor to an absolute address before accessing stored ioforxxtttion. 

55 Gemal DeschpeiOD of Processor 

Figure 2 is a functional block diagram of the present processor, Daa and instruc- 
tions from the system interface unit (SIU) are provided at a daa in register 10 and 
processed daa is provided to the SIU at a daa out register 12. As dau is docked 
iiuo register 10 a parity check is made axxl parity errors are noted. 

60 Instructions are placed in a **Iook ahead" dual read-out register 14 whidi pro- 

vides four wotxls of tKiffchng for iostxuctiocv. An ^level control store address (CSA) 
swiodi 16 provides an addr^ to a control store 18. Oot level of the CSA switch 16 
is provided by the instruction register 14 via a pathfinder unit 92. The control store 
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18 oomaios mcxoinsmiaioQa wtudi conmii dau inaaiputaboQS, aod ao addmsed 
Qoicxwisciuctioo is stored ifi a control sore register 19. 

Dan fran register 10 is loaded into ooe ievd of to eight-level "B" switch 20 
which, along widi a two-kvd *'A** switch 22, provides opcnads for an adder/shffier 
5 oerwort 24. The ''B** switch 20 is compiled trf a field of the oicroiostructMO is the 5 

cositrol stoie register 19. "A** switch 22 has inputs from dual read-out wortang regis- 
ter! 26 and from a general register scratch pad 28 via a south pad register 30 (SPB). 
The dual readout working rcgisien 26 conoin 3 working registers Rl to K3 and a 
register containing an image of the instruction count (IC) nrmtainfri in the general 
10 register scratch pad. A WRR output from working registers 26 is si^^lied to ^'A** 10 

switcii 22, "B" switch 20, and P:iR/PCR registers 42 and 44; and a WRP output 
from working register* 26 is supplied to die general register scratch pad 28. 

The Mldff/shifter network 24 which receives operands from "B" switch 20 and 
"A" switch 22 perfoms all of die arithmrnr, logical, and shift operations required 
15 for address development »nd instruction execution. ^ 

A page tabk word (PTV) scraichpMl 34 provides storage of 16 page taUe words 
for eadTof 8 priority on operating levels. A four4evel address switch 36 concatenates 
^ dd r mrr for axba programmable interface mrnmands or read/write memory cycles 
(either paged or absolute)* 

20 The output from tl« adder/shifter network 24 u supplied duough t four-levtl 20 

cross-bar switch 38 to result czxsssbar (R X-BAR) output 40 and thence to dau out 
rtgisoer 12. The R X-BAR outputs pnniide simultaneous transfer of the selected input 
to both the dau out register 12 and the working register* 26. Switdi 38 also receives 
inputs from pioceaa state register (PSR) 42 and prwess control rcgiaoer (PGR) 44 

25 through a switch 46, and from the general register sa«chpad 28. , ^ 
The mio coopooents of the processor will now be described in deoiL 



30 



35 



40 



45 



50 



55 



60 



30 



35 



General RegisiBr Scraichpwl ^ o ^ 

The general register (GR) waachpad 28 contains 128 fony^ regiaien. 
register contains 4 ninoWt bytes widi a parity bit per byte. Dm wnticn in^ ^ 
scratchpad coa« on the WRP ou^ut from one of the four working registers ct tne 
dual readout register bank used to i mp l rmmt die working registers 26, 

in tht scratchpad are, for each tevd, a process sute, regisaer (PSR), an 
istrucxioo coui«er (IC) register, a page table base register (PTBR^^»i**™» 
general registers (GRS), sook of which are used as index regxsten (XK5), The seven 
bit address for the scratchpad is generated in a ooensf-eight scratch pad address swit^ 
(SPA) 32. The switch control il^)uo arc wired to the Control Store register (CSR) 
19 The most signifant diree bits of the address define one of eight leveb and the 
least sigmficani four bits define one of sixteen rcgistoa widiin *cvd- ,f «f 
die eight positions, the level LEV is supplied by Active Ineenupt Lwel (AIL) hoes 
from tiSc SIU. The eight address sources feeding switch 32 are u foUows: 40 
0) Seven bits (K2— 8) of die caaiant fiekl of die CSR which tUows addressing 

^ TfS A^^lSfind four biQ (K5— «) of the CSR constant field whidi allows 
addressing iny register in the current leveL 

2) The WRR ouqyur <d the dud readout working regiaers bita 25U-35. This 45 
aUows a working register to provide an address for cidier initialiaticn or software 

^^^^^"^ AIL lines an bits 19—22 ot the current instrucrion. This provides an 

XR2 read address for SBOotai level indexing. cn 

4) The AiL lines and bitt 14—17 of the current instruction. Tms provides an 50 
XRl read ^dress for first level indexing. 

5) The AIL lines and bits 9—12 of the current instruction. Tms provides s 
GRl te»l address for operand access. . 

6) The AIL bncs, bits 0—2 of a Write Address (WA) register 48, and a wed 

logical 1 for die least signific^mt bit. This provides an odd addrc^ of an even/odd pair 55 
read or write instruction. , , , 

7) The AIL hnea and bits 0—3 of die WA register. This provides an address for 
all software writes into a GR at die current level This includes GR loads and rtturo- 

ing execution results to the destination GR. ^ <i . a con An 

The output of the scratchpad goes through a one-of-cwo switch 51 into the sre bO 
rarister 30 which feeds die Result Oossbar R X-BAR 38. Switch 51 allows op«- 
u^nis on a GR and a working register or on two working registers by loMhng die 
contents of cidier into die Sl-B rcgisor. Switdi 51 is controlled by an SP control 
field in the CSR 19. 
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The Write Address (WA) regisier 48 can be loaded from cither bits 9—12 or 
1^—17 (rf the current insmiction. This provides ao address for Joadiog a General 
Register (GR) or retuxniog a result to a GR. This is necessaxy since cbe GR address 
in the instructioQ being executed is no loDger available our of the dual readout insmjc- 
5 Qon register oooe the IC is updated. The GR address is therefore uved in register 

WA and used for a write operation by setting a Write (W) flip/flop, with 
register WA, which, rescu on the first dock after it is set unkss a WA control field 
in the CSR oooe again sets it (two word load of the GR). A GR scratchpad write 
clock is generated on all docks occurring while the W flip-flop is set unless WA=0. 
1 0 SPB register 30 is a forty bit register (four nine4)it bytes inrhirfiw^ « parity bit 

per byte). It provides buffering for words read out of the scracchp^ Parity is 
chf c> red for the data in the SPB register. The SPB ctgister load dock is conttoUed 
by a CSR SP oootrai fidd. 
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A and B Operand Switches 
1 5 The A aod B operand switches pravide the two opetsnds for the Adder/ShifiKr 

network. A switch 22 seleco either the SPB register or die WRR oumut of the dual 
readout working rcgisan. The sdection is controlled by a bit in CSif 19. However, 
the control is forced to selea WRR if the W flip-flop is sec aitd if the address in (he 
WA registers is equal to die contena of XRL This causes the ocw values of GRl 
or GR:^ to be used if the previous instructions m^^fifd them. The switch output is 
forced to logical 0*s if die DL posiboo (see below) is sdected ia B switch 20 ai^ 
no indexing is called for (XRl^O). 

B switch 20 seiectioQ is controlled by a three bit field in CSR 19. However, die 
least significant bit from the B switch is forced to k)gicU 1 if die DL position is 
25 selected and if second levd indexing is required (bit 18 of the instnictioo=l). The 
eight switch positions are formatted as follows : 

0) Bits 0—19 from (he B switch are all equal co IRSW 19, Le. fait 19 of the 
IRSW (instruction register switdi) 80 output. Bia 20*35 are wired to IRSW 20* 
35. This is die displacement field for either first level or no ifv<>^^ 
30 1) Bits 0—23 are equal to IRSW 23: Bits 24—35 are wired to IRSW 24—35. 

This is the displaocment fiield for second level indexing. 

2) Bits 0-30 are equal to IRSW 8. Bits 31—35 are wired to IRSW 9—13. 
This is the short imrrrtliarf value, i.e. ao immediate opexand vadue given by the in- 
struction itself. 

35 3) Bits 0—17 are equal to IRSW 8, Bits 18—35 art wired to IRSW 18—35. 

Tliis is the long immediate value. 

4) This position selects the WRR output of the dual readout working registers. 

5) Bits 0—31 are logical 0'& Bit 32 is equal to die most sigx&ficant bit of die 
CSR constau fiekL This provkies the niimhrr 8 for incrcc^nting the IC to point to 

40 die next even/odd inscrucsoo pair (8 bytes) in naemoty. Bits 33 and 34 are togedber 
equal to die length in bytes of the current instructioo word if the two most q gnifir^n t 
bits of die CSR oooscant field are O's (10 for a 2-byte word aod 01 for a 1-byie word). 
Bit 35 is equal to the cany bit in the PSR if the next to most significint bit of die 
CSR constant field is 1. 

45 6) Bits 0—26 are Ca. Bio 27—35 are wired to die CSR constanc field. 

7) This position sekcu die SIU Oau In (DI) register. 

Adder/Shifter Nerwork 

A detailed block diagram of the Adder/Shifoer network is shown ia Figure 4. 
An Adder-Logical Unit (ALU) 60 executes 36 bit arithmetic and logical opentioos. 
50 It also provides the transfer path for cither die A or B operands co die R X-BAR via 50 
a switch 62. The ALU operations are controlled by ALU/Shift input bits in the 
CSR. The ALU mode is controlled by die least significant bit of the PSR/PCR con- 
trol bits in die CSR. 

A Shifter 64 executes shifts of 0 to 36 bits. Two input switches 66 and ^<8 
55 provide the dau to be shifted, and right shifts can be executed with the option of 55 
inserting either zeros or a sign bit. Ldft shifts are executed by inhibiting the Right 
switch (logical zero) and selecting the A operand in the Left switch. A shift count 
is then generated equal to 36 minus the number of bits to be shifted left Right 
shifts are executed by selecting die A operand in the Right switch and either zeros 
60 or the sign in die Left switch (zeros art generated by inhibiting the switch output). 

The shift is executed in two ranks. The first rank executes ssod 4 shifts aod the 
second rank shifts 0, 1, 2, or 3. (A nine bit shift would be executed by shifting two 
in the first rank and one in the second rank). Bits 0—3 of the output of a shift count 
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switch 70 are wired to the diift cootroi inputs of the fim rank and bits 4— S are 
wired to the least significant two bits of the second rank with dK most significant two 
bits of the second rank wired to logical zeros. 

The shift count switch 70 is controlled by the most significanc three bio of the 
5 CSR consunt field. The positions are as follows: ^ 

0) This position selecu the difference between 36 and the least significant 6 bits 
of the output WRP of the dual readout working registers 26. This position is used 
for left shafts. 

1) This posidon selecu the least significant 6 biu of the output WRP of die dual 

1 0 readout working registen. This position is used for ri^t shifts. 10 

2) This position is wired to the least significant 6 bits of the CSR constant field. 
It is used for shifts when the shift count is defined by the control store. 

3, 4, and 5) These three positions are wired to the bits IS— 23, 24 — 29, and 
30—35 (fields Fl, F2, and F3); of the current instruction. They are seleaed to 
1 5 execute extracts, inserts, and conditional sec/rtset bits. 1 S 

6) This posidon generates the number 27, 18, 9, or 0 when WRP 34— 3S is 
equal to 00, 01, 10, or 1 1. It is used for extivting a byte from a word as a function 
of the byte addiress. 

7) This position generates the number 9, 18, 27, or 0 when WRP 34 — 35 is equal 

20 to 00, 01, 10, or 11. It is used for poationing a byte into die proper zone as a function -0 

of the byte address. 

The ALU/ Shifter ouq>ut switch 62 selects the ALU, Shifter, or 32 bit Store/ 
Load outpuu as follows: 

0} This position selects the Shifter output. 
25 1) This position selects the ALU output. -5 

2) This position converts a 36 bit word from a GR to a 32 bit format for a 
Store 32 operation. 

3) This position converts a 32 bit format to a 36 bit word prior to loading into 
a GR for a Load 32 operation. 

30 This switch is controlled by ALU/Shifter output switch bio in CSR 19. It 30 

provides one of the inpuu to the R X-BAR. A Condition Code (CC) is generated 
from die switch output. 

PTW Scratdipad 

The Page Table Word (P TW) scratchpad 34 provides storage for 16 PTWs for 
35 cadi of the eight levels (128 PTWs). The output of the B operand switch 20 pro- 35 

vides write dau into the scratchpad and the wtite dock is controlled by a bit in the 

CSR. . 

A PTW scratchpad address is generated from either the least signiDcant 7 bits 

of the WRP output of the working registers 26 or the levd and bio 21 — 24 of the 
40 WRP output. The fim position is for initialization and GR to PTW transfer. The 40 

second positio n is for reading/ loading PTW$ while paging addresses and loading 

missing PTW*s. The address sclectioo is controlled by a bit in the C^R. 

Each byte d the PTW sczatchpad output is parity checked The PTW scratch* 

pad output provides input data to two of the four positions of address switch 36. If 
45 the PTW scratchpad output is selected by the Paged position of the address switch 45 

the following checks are made to determine if the PTW is valid {xht priority of die 

checks for declaring f aulo is i n the oider shown) : 

1) Bio 30—35 of the PTW arc compared to the con tentt o f a Key register 72. 
(The Key register ideod&s the process wi± which the PTW is associated uid is 

50 loaded with bto 30—35 of WRP each time GR 15 is loaded). 50 

2) Bio 27—29 of the PTW are compared widi bits 18—20 of WRP. This is to 
verify that the corrta PTW is resident in this PTW scratchpad location, (0, 16, 32, 
etc. all reside in the same :»cracchpad location). 

3) The next check is to see if die page is resident in R/W memory. A rcro in 

55 P7*W bit 6 indicates that the page is not resident in R/W memory. 55 

4) If the first diree checks pass, bio 4—5 of the PTW arc compared widi die 
type of operation being initiated. A dau read is always legal An instruction fetch 
requires bit 4 to be 1 while a write requires bit S to be 1. 

If die PTW- in die scratchpad fads any of die above checks, it will be accessed 
60 from a Page Tiible in R/W memory and checked again prior to causing an exception. 60 

Address and Steering Switch ^ « , ^ 

An address word for either die R/W menaory or die ProgrammaWe Interface is 
generated in the address switch 36. The switch is controlled by address switch control 
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bits in Che CSR. If cbe paged posicion is seloaed and the PSR reflects the absolute 
address mode, che absolute position of the switch will be forced so that paging is by- 
passed. The four pposiiions are as follows; 

0) This position geoeraces a paged address to R/W memory. Bit 0 equal to zero 
defines a R/\X* address. Bits 1 — 3 arc provided by ZAC (memory command control) 5 
bits in CSR. Bit 4 is equal to zero. Bits 5 — 8 are zone biu and are generated as a 
function of che R/W memory opexation. Reads cause zero*, word or double word 
writes cause ones, and b yte writes cause ones in th e byte positions Co be wriCBen, BiU 
9—24 arc equal to PTR bio 9—24 from xbe PTW scratchpad, which is che page base 
address. Bits 25 — 35 are equal to WRP Z5— 35 which is the page relative address. 10 
When this position is selected, the WRP output of the working registers must rtflea 
the unpaged address. 

1) This posicion generates a R/W mcxnory address when no paging is required. 
It can be selected by the CSR or will be forced if positioo 0 is selected and the PSR 
reflects the absolute address mode. Bio 0—^ are the same as position 0. Bits 9—35 15 
are equal to WRP 9—35 wfaidi must be equal to the absolute oxmory additas when 
this position is selected. 

2) This positioo generates a ProgrammBble Interface (PI) conunand wotd. Bit 0 
equal to one defines a PI command word. Bit 1 is supplied by the CSR ZAC field. 
Bit 2 is equal to bit 9 of die PSR and definb whether the current program can alter 20 
certain ezcenul registers. Bit 3 is equal to the .processor number supplied by the 

SIU. Bit 4 is equal to zero. Bits 5— S are equal to PSR bits 4—7 and define the 
port wichin the multiplexer. Bits 9—35 are equal to WRP 9—35 and oxisi be equal 
to che absolute address generated for either readin g or w riting external registen. 

25 3) This position provides a path for reading a PTW from the scratchpad. 25 

Bits 0—3 of che address switch are modified to reflea the R/W imnory steerii^ 
during loading of absolute addresses into GRS. This reqtiires bia 0—3 to reflect 
PTR bits 0—3 if paged and WRP 0—3 if in absolute address mode. This would be 
enabled due to posidon 0 df the address switdi being sdected and no R/W memory 

30 cycle being initiated by SIU request cooirol bits in the CSR. 30 
A 6-bit steering control word provides che SIU steering for either a R/W memory 
cycle or a PrograxnmabLe Interface oommand. It is controlled by the address switch 
concroi bics in the CSR. The steering oourol word is geoerated for R/W xsoaory as 
follows: 

35 Bit 0: This bit equals 0 for R/W memory. 35 

Bit 1: This bit d efines lool or remote memory. It is equal to PTW bit 0 if 
paged or WRP bit 0 if absolute. 

Bics 2 —4: T hese bio are the mtaaory steering bits. The initial value is equal 
to PTW bits 1—3 if paged or WRP hits 1—3 if absolute. This is also die 
40 final value if bit 1 defines tcDooce oxmory. When bit 1 defines local 40 

memory^ bits 2 and 3 define the local memory port ainl steer addresses to 
a ROM in the local memory concrdler. The final value of bit 2 is equal to the 
Exclusive OR of the initial value and the Local Memory Port Specifier 
(LMPS) line from the SIU. The final value of bit 3 is equal to the Exclusive 
45 OR of the initial value and the PCR ROM bit if the initial value is zexo. 45 

Biz 5 : This bit defines a singk or double word memory cycle. It is equal to bit 
i of the CSR ZAC field. 

Bit 6: This bit defines a read or write cycle. It is equal to bit 0 of the CSR ZAC 
field. 

50 The steering control word is geoerated for a PI command as follows: 50 

Bit 0 : This bit equab 1 for a PI command. 

Bits 1—4 : These bits define the SIU pon to which the PI command is directed 

and equal bits 0—3 of PSR. 
Bits 5—6 : These bits are the saute as for a R/W memory cycle and are generated 
55 in the satzK way. 55 

The steering control word is clocked into a steering register (not shown) in the 
SIU each time a memory cycle or a PI command is initiated. 

Result Crossbar 

The Result Crossbar (R .X-BAR) 38 provides simultaneous transfer of its inputs 
60 to both the DaQ Out and Working regiuers. A third output is wired to a disphy 60 
panel and provides a path to dispby the contents of most of the lOP registers. The 
output to the working registers is controlled by Write Address bits in tbe CSR and 
can select any of the four working registers. The output to d^ daa out register 12 
is controlled by a data out Write Address bit in the CSR and can selea either die 
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ALU/Shifter Output jwitcfa or tlie Address switch. Howwer, diis output on be 
(otctd to select the PSR/PCR input if a sdeeooo line fron die SIU a icovated. The 
four inputs to the result cro»s-b»r switch arc as follows : 

0) ALU/Shifter Output switch 

1) Address Switch 

2) PSR/K31 Switch 

3) SPB Input Switch 
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40 



The dual t«doui register bank 14 provides four words «rf buffenng 
Qons. The eurtott mstnioion tead (OR) output "x*,""' 
55 ouSit pttjvide access to the relevant instructions (u«lepend«nt of J"?^^ 55 
teX ud address). This is ptovided through an instrucuoo register sw,^ (IRS^ 
MTTie OR address is equal to the current Instruction Counter (IQ bio 32 and 
33 JSLloLrto one .rfthe four wotds. The NIR addrws » 8«««^, «» f^S 
S SlouS^ wonl. IRSW is controlled b, d« current ^^^^^^^^ 
60 Sfines whedw die instrMCtioo sans oo a word or ajiatf *o/djj"^,!J*fB^ ^ 
1^ positioos «e therefore 0) OR 0-35 J) COIfr^i "SL?! KJI^S 
0—17 wiU reflect a half word iastiuciion and IRSW 0-35 will refleaa fun woto 
SuctiOTu tSToR and NIR addresses are updated e«h time the wrting regater 
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fofSSrking regisren are contained in die dual readout 
10 Register 0 contains the current Instruction Counter (IQ.(An unage ot the ICa also 

ininiained in die current level's GRl of the GR scratchpad). R«^«« ^ »** 

wotkinK regjsten for instnacton execution. They are labeled Rl. R2, 

The^oWking register ouipuD are labeled WRP and WWL WRP is used » 
Kxxss PTWs from die PTW soatcfapad and for R/W mamy t"?^ 
supplies die output fr«n the sekcied working r^sttr to both Ae GR »«tdipad wd 
the SPB register. The selection of a register to WRP a eontroUed by WRP bio m the 
CSR. WRR a used to provide operands to die A and B o^tand switches «^ tlie 
inputs to bodi die PSR and POl registers. The sdecuon of a register to WRR is 
conifoUed by WRR bits in the CSR •. u jo 

nie working registers can be loaded from any of the crossbar switch 38 "PuB. 20 
Tlie register »be toaded and die white clock are controUed by register seka and 

write enable bio in (be CSR. . ^ » j a Mtm. 

Tbere is oo restriction oo the registen selected for the read and wme opera- 
tions. They can be duee different registers or d»ey can all be the same ok. 

25 ^^^fj^ State Register (PSR) 42 is kept outside die GRKntchpad si«e Jt " 
is con2Suowro«»nito«d and updated. It is lo«kd fn« «^ ^ l^Sf 
SoS^regisin. A write clock is g«>era^ for the PSR «^ » "g^ J"* 
program loids GRO (GRO written using die WA address) or die PSR/PCR control 

30 bio in die CSR define a write PSR operation. ^ fvn .h. 

The entire PSR is loaded during a masrer mode load of GRO, die aecwion 
of an eLwSoo from an Eaceptioo cSntiol Block (ECB), or the execuoon of ceitain, 
5to SSS^ When an iiS^ is e«cuted. the steering froo^ 
^ iT^^wo die PSR freaTaii Intenupt Control Blo3 OCB pnor to loading. 

35 A cS« code (cc). a cany (c). uid a process timer *^ .^^^'fl^P^^' 35 

The cc is loaded eaefa Bne an instrvicrioo is executed requitsng a cc update. C a 
ISe? JlihTcariy oumut of die ALU ead tine die ^ 

in die arithmetic mode. "Ae process tinrr U decremented each time 4e Tuner Ticket 
cKia through 0. The Timer Tsker is an eight bit counter which couno on aU 
^ss^ cl«>dSr The Tmer Ticker is also used to detect an operation not oomptee or 

kxk up exceptioo as described in the section on exeeptioos. , 

tL P^Coonrrf Register (PGR) i> cobbjoo to VJSlff J^^ 
die WRR output of die working registen (not aU bio are toadabJe). A wnte clock is 
^md f^^ U-dabkbto die PSR/PCR control bits in die CSR define 

• '^SrS^iStS- 2»-34 are lo«l.ble. Bio 0-16 « « 
dition occurs and are reset by a set/reset control bit in die CSR. BiO 23—26 are 

'^%i!^^^A6 feeding die R X-BAR " ^ 

50 into ooe of dii working registerv This switch is conffoUed by the PSR/K:r control 
So in the CiR but « forS to select PGR if the DPCR Lne from die SIU is acov 
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IC is ufxiated. All fields of tlie iasoruciion word must therefore be used or $av«d 
(WA) prior to updating dw IC . . j. i,- j ^ 

The IR 14 is loaded each time a new value is loaded mto the IC due to an inter- 
rupt, exaptioo, branch, etc, or each dme a OR address ciosso over a two word 
boundary when the IC is updated by the curtent instrucuoo length. The mmueoon J 

control is described below for the two conditions I) entering new procedure 
and 2) incrementing through curtent procedure. In both eases themsuucaonfet^ 
are douWe precisi<^ neaSry cycks ud the addresses are paged unless the PSR 

THhe dmible woid instruction fetch is initiated and the IR write address load^ 10 
at die same dme as the value d the IC is updated. The IR write address is toaded 
JriihOO if IC 32=0 or 10 if IC 32=1. (The OR and MIR addrease. are loaded 
when die new IC value is loaded). When the fim word is available from memory, it 
is written into IR and die least sigaitont bit of die wriu 
causes die next memoiy word to be wntten mto die second word of die pan (IR 
writt address 01 or 11). The IC value plus eight (bytes) is diea used to mmate 
aoodier doubU precision memory read using the J^. n 
IR write address is updated to thi next two words (10 if IC 32=0 or 00 if IC 32=1) 
and a test is inde to see i instruction cMCutioo can begin ot tf '^f^f^.f!"^, 
20 must wait for the memoiy cycle to complete. The test is on bit 33 rf the IC U *e 
test indicato dut die new procedure is being entered at die last half word <rf a two 
word pair (33, 34=1, I), die instrucuoo execution must be delayed untd the *ti a 
available from die secoal douWe precision memoiy read to guarantee diat the IR 
contain* a full instrucdon word. . ^ i/" w- .w 

2) The execution of eufa instnicdon ladudes an updase of die IC by that 
instruction's lengdi. If diis update musea die IC to pasa « T^, 
SldlC 325iitSr£ 32). die iwoword area of die IR diai wis ,ust faished (oU IC 32 
Sle) is l^widi a «w instruction. The new IC value Mus ^B^CbjteOu «g 
to initiate a double precision memory read usmg die P?«el(»{«S'««*> 
IR write address is updated to point m die IR area avtilabk. Wb« die two words are 
received, they are wiitn into the two wocd area as described abwe. 
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"^"z? SSo^S^T^^^Sted by die CSA switch 16. TTie fir« fc«r 
posioin.^^ CSA SSTatlJ bl die OIA switdi ^J^^ *! 

CSA switti antrd can select die Next Addrea O^A) 82. ^ 

Return Address Register (RA) 84, ±e Execution ?5*?c^5^J^ 
output of die Standard Sequence decode network (SS) 88. (The SS decode networt 
M My be^»bined wiSi«d«fi«te unit «2 to pitmde bodi sandard »«1«?«^ 
execuuoo addresses to connol store 18). Tlie Expjooo/ Interrupt P«'°«"" 
40 when an exception on interrupt exists. Tlie two PT^ miss «f!™L*S 
a PTV miss is detected. The constant posinon u selected when die Biiaea contxo* 
fieid in die CSR calls foe a branch to a constant address. . . 

NAU loaded on e«i execution dock by dte sum of die CSA s^t^ oum« 
Dlus one Dlua a eonditiooal skip consnnt from umt 90. If no stap is called for by 
45 S^CSR Tp coSH fieU. NA is io-led widi.die ^."^^^.^^^^ 
immediately following die one being a««sed (i.e. die clock 
instruction at address M into die CSR loads die address M + 1 mto NA). If a ouaber 
n^S^J^rtirare to be conditionaUv skipped, CSR sUp «na^ fcU ^ 
specify diat a skip be executed widi die CSfc constant &dd * 
50 tttted and dte niaber (1 to 7) of micioiastrucuons to he stopped. TTie sequence for a 
■ to?s« follows: a niaoinsirucuon at M calls io'^l^^'>?^?^f,L^,^'^ 

of diis microin»tr%«ion toads M+1 into die CSR ^J9*^.'^,J^,£ 
M+l + l+SKP into NA. SKP=0 if die stop ii not satisfied and equals die stop 
co^t defarf in die least significant diree bits of die CSR comtant fi*W «aosfirf. 
. > TlS^ stop Uhhibited if any "of die last four positions are m the CSA switch. 

TTie conditions dut cin be tested for stop execution are defined by bio ^5 of 
die CSR c^stant field. WRR 35. WRR 0. WRR 33 and «jy J»« «R ne^ 
tTtoteiMd for lero or one. The PSR cc fieU wOl be tested for Mto, one. two, or 
Sr«. Bf^I-2 He CSR constant field are used to define dte tesc The condioons ^ 

60 to be tested are as follows: ^ , «•! a 

0) WRR 35=K2 if KI=l WRR0=K2 if K1=0 

1) Cany bit in PSR=K2 

2) WRR 3J— 34=K1— 2 

3) Address syllable (AS) widi IRSW 18=0 
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4) PSR cc fidd his cormpondiog bit ia IR5W CF field 

5) PSRocfickl=Kl— 2 

6) IRSW7=VRROifKl=0IRSW7=K2if Kl = l . , ^ ^ . 

7) Higher Lcvd Intemipc Present (HUP) or Levd Zero InKmrpt Present 
5 (LZP) line from SIU if K2=0. Level Zero Interrupt Preaca line from 5IU if ^~Jr 

The RA register 84 is loaded from the NA register 82 whenever the Uad RA bn 
is on in the CSR ^ . . „ _l • .u 

The XA register 86 is loaded from the pathfinder unit 92 output c»ch wpc the 
SS positioQ is selected in the CSA switch. The use o£ the pMhfiadcr unit will be 
10 described below. Its output is a control bit and an ei^i-bit address. The address •$ 

used to address the upper 256 words of Control Store (addre» bit zero is forced to 
I in the XA position of the CSA switch). ^ * ^ 

The execution of a software instruction is in two i>hases. The first pnasc is a 
nBcroinstruciion sequence common to a group of instructioos. The secpod pfaise is a 
1 5 ixBctoinstnicrion sequence (which is only one microinscruction in most cases) unique 

to the specific software insiruoioo being executed. After coaM>leting the second phase, 
the cotiHi»n phase of the next instruction would be entered (in some cases,, the second 
phase imy return to the coomson phase via RA register 84 for a few additional com- 
mon steps prior to entering the oomnaoo phase cf die next instruction), 
20 The operation code of IRSW 80 provides the padifinder unit address and an 

input to the Standard Sequence decode network 88, The Standard Sequence decode 
network generates die Controi Store address of die stan <rf die microinstruction 
sequence conanon to the group <rf insmiciiom containing this one, (This sequence 
is referred to as a standard sequence). The location in the pathfinder unit addressed 
25 bv the operation code cootains die address in Cooorol Store where die unique sequence 

for dnis instruction staro. The irwrucaon is dien executed by branching to the Stan- 
dard Sequence address, executing die common steps, branching to die unique sequence 
address in XA register 86» creniring die unique sequence, updating *f ,^?JJ?cnoo 
Count (IC) so diat die next instructions operation code is enabied out of IRSW, and 
30 repcatiiK the above sequence by branching to die new Standa rd Sequence. 

The interrupt answering, exception processing, and PTW tnissing sequences are 
entered by forcing die corre^wnding position to be selected in die CSA switch lo. 
Inrerrupts are executed u die complecioa of software instructions. If die Higher Levd 
Internmt Present (HUP) (not inhibited) or die Level Zero Interrupt Present (LZP) 
35 tioes from die SIU are active when the SS position of die CSA switch is se lected 
by the CSA switch controi bio in the CSR, die CSA switch control logic u forced 
to seta die Exceptioo/Inierrupt positioa This causes die interrupt answenng 
sequence to be entered rather than die ncn instruction's standard sequence. (The 
Exception/IntBrnipt position refleco die address of die interrupt answenng sequence 

40 at tl&s time). . . . 

Missing Page Table Woeds (PTWs) cause immediate entry mio t^/^ m^u^ 
seoueDoea. Eidier die openi^ or the instruction missing position u forced by the 
CSA switch 16 controftogic during die dock period imaediately f oUowiog the 
pasinx step. The return from cidier sequence is to die standard sequence decoded 
frralRSW. This causes die instruction diat was being executed to b e attr ted oyer 45 
aniQ. Therefore, die microprogram wiU not do anydiing prior to the FTw mis^ 
Stectioo dial can't be done again. A flip/flop is set when die PTV imss is dctecod 
Thfff says set until the address is once a^ piged. A miss die second time dirough 
causes an exception as defined below. 

The exceptions faU into two categories. The first type causes an umncdiate cnuy 
into an exception processing sequence. The second type docs not affect the CSA 
switch 16 CD«rol logic until the next instruction's standard sequence is entered. Both 
types cause the Exception/Interrupt position in the CSA switch 16 to be selected and 
set die corresponding bit in die PCR register 44. ,^,11, 

The fint category of exceptions is operation not complete, Page faults, rage not 
resident, and illegal instructions. They all must be serviced as soon as diey are deteacd 
since cootinuanoo of insimaion execution is impossible. The second category is pio- 
cess timer run out, overflow, lockup fault, and address misalignmenc Divide check 
is handled by a test and branch if divisor is icro. They all indicate fault but do not 
60 need to be inxnediately «rvioed and can wait until die stan of die execuuon of the 
next instructioiL 

Control Store Register . . • i_ - 

The CoDO^Store Regster (CSR) 19 contains the miooinstrucuon being 
executed. Piovisioo is made for a remote CSR register, as indicated. 
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There is a one of four position switch 94 supplying the input to the CSR. The 
four positions of the CSR input switch are as follows : 

0)1) These positions are the inputs from the ROM chips oo the Concrol Store 
subsznteSf the fint 256 locacioos and the secood 256 locations ttspeciivdy. 
5 2) This position is the input fnsn the mainreataoe poneL 5 

3) This position reflects the local CSR. It is used to rclo^ the rensote CSR btu 
when the znaintenance panel switches are used to display dacL 

Data is dispbyed in the I/O system by simulating the CSR with maintenance 
panel switches. When the outpuo d the switches are fed through the CSR input 
10 switch 94, a signal is generated causing the remote CSR to be loaded with the micro. 10 

instruction simulated by the switches. The old cootentt must be reloaded when the 
disi^y of d!ie register is completed. This is aocosoplished by selecting position 3 for 
one clock period prior to switching back to position 0. A block diagram of the input 
to the local and remote CSR is shown in Figure 3 with a timing diaigram for teload- 
15 ing the remote CSR after using the aaintenance ptnd swicches tor display. 15 

The format of the CSR is u foiksfws : 

0 CJock NA into RA 

1 Execute SKIP (Kl— 2=test, K3— 5=OQoditioo, R6— S-skip count) 

2 Branch to RO— 6 

20 3 — 4 WR write address 20 
00= write IC (Load WA if Write WR) 
01=write Rl in bank 26 (set W if Write WR and CSA=SS) 
10=whte R2 
ll^wrtte R3 

25 5 Wait for Accept Read Dau from SIU 25 

6 — 7 X-BAR address for output to bank 26 
00= Adder/ Shifter Output switdx 
01= Address switch 
10=PSR/PCR switdi 

30 ll = SP (soaochpad) Output swictik 30 

8—9 Condition Code (OC) Control 
00= NOP (no operation) 
01 = Load Arithmetic 
10=Load Logic 

35 ll = L oadP arity of SPB Least Significant Byte 35 

10 Write PTW Scratchpad 

11—13 2AC for R/W noemory cyde (bia 1—3 of R/W address switch positions 

0 and 1) 
OXX = Rad 

40 IXX=Wricc 40 

XOX = Single predsiOQ 
XIX=Doubk precision 
14 Set/Reset bit defined by CSR41— 44 
15—17 SIU Request Type 
45 00O=Nttf» 45 

001 = Inoemipc Data 
010=Rdease and Interrupt Daa 

On = Men3ory or Programmable Interface Data (PI if 19—20=10) 
100= Byoe Read or Whte (Byte address^ R/W Zone if write) 
50 • 101 = Instruction Fett± 50 

•110= Instruction Fetch if aRO=IRWO 
••111 = Instruction Fetch if SKIP test sadsfied or if CSRl =0 
18 PTW ScratchMd address 

0= Extended Read/ Whte from WRP 
55 1 = Current level PTW Read/Write from Effective Address 55 

1^20 Address Switch Control 

0O=Paged address (control logic forces 01 if PSR 10= 1) 
01= Absolute address 
10= PI address 

60 11 = PTW scratchpad 0—35 60 

•These codes cause an instruction PTW missmg sequence if a page fault is 
detected. 

**This code causes an operand PTW missing sequence if a page fault is 
deteaed. 
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21 Write WR 

22—23 CSA switch cootrol (fim four potitioos) 
00= Next Address register (KA) 

01 =RetuiD Address register (RA) . 
5 10=£zccudoD Address register (XA) 

ll = StaDdard Sequexxe Address 
24—25 WRR nad address 
26—27 WRP read ^dress 

00=IC 

10 01=R1 
10=R2 
11=R3 
28 A Operand Switch 
0=SPB 
1+WRR 

15 15 
29^30 PSR/PCR cootrol & ALU Mode 

00=Bad PSR or Logical Mode 

01 =Resd PGR or Arithmetk Mode 

10=Wriie PSR 
20 11= Write PGR 

31—32 Adder/Shifter Output switch 

00= Shifter 

01=ALU 

10= Store 32 

25 ll=Load 32 25 

35—35 B Operand switch 

000=DL (position O, DL, of switch 20) 

001 =DS 

010=IS 

30 Oll=IL ^0 

100= WRR 

101=8, Woid length, or Carry 
110=Coostant KG— 8 
111=DI 

35 36^-44 Comtast RO— 4 35 
This 6ekl is also used for imituiily exciuaivc cootrol 
36— 37=8/WL/CY cootrol 

00, 8/WL/CY=IRSW Insmictioo word kagih 

01, 8/WL/CY=PSR Cany bit 

40 10. 8/WL/CY=8 40 

36— 38 = Shift Count Swificfa 70 coQtrol 

000 Left shift 

001 Ri^ shift 

010 CSR Shift Count (39-44) 
45 Oil InsouctiooFl fidd 45 

100 Instiuctioo F2 fidd 

101 Instruction F3 field 

110 Byte kMd 

111 Byte Store 

50 39-44=CSR Shift Count 50 

36 — 44=CSA switch branch address 

37^38= SKIP test value for oondirioos tested for multiple values 
38= WA input switch Contxt>l (0=GR1 1=GR2) 
39-^1 = SKIP test condition 
55 0000 WRR35=CSR38 if CSR 37= 1 WRR0=CSR38 if CSR 37=0 55 

001 PSR 13 (carTy)=CSR38 

010 WRR33=CSR38 

on IRSW 14—35 contains Address syllable and bit 18=0 
100 irrelevant 

60 101 PSR CC field =CSR37— 38 60 

110 IRSW7 = WRRD if CSR37=0 IRSW7=CSR38 if CSR37 = 1 

111 SIU HLIP line active and not inhibited or L2P active 
42— 44= SKIP count 

38— 44=GR scratchpul cocal address 
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41.^=:GR scratchpad address per level 
41 — 44 =Set/Reser bit address 

0000 Reset Halt M<xfe 

0001 Set Halt mode 

5 0010 Reset Inhibit Interrupt toode 5 

0011 Sec Inhibit {menupt mode 
0100/0101 Reset PGR Eiccpdon Storage 
0110/0111 Not Defined 

1000/1001 Inven Daa Out, Steering, and Interrupc Dau Parity 
10 1010/1011 Inven GR Parity and inhibit GR SP write dock coodidonally 10 

1 100/1101 Inhibit GR SP write Clock cooditiooaUy 
1110/1111 irrelevant 
45-^8 ALU Control/ Shift Input switches Cooczoi 
45-^ = ALU operation (CSR30=mode) 
15 45— 46= Left Shift Input switch 15 

00 A Operand switch 

01 Sign of Right Shift Input Switch 

10 Zeroes 

11 Ones 

20 47^48= Right Shift Input switch 20 

OX Zeros 

10 B Operand switch 

11 A Operand switch 
49^50 GR Scratchpad Cootrot 

25 00=:NOP 25 

01 = Write GR sciacdipad 
10= Load SPB from GR scraichp^ 

II = Load SPB from WRP 
51—53 GR Scratchpad Address 

30 0OO=CSR scratchpad meal address (CSR38— 44) 30 

001 =CSR scratchpad address per level (AIL, CSR41^44) 
010= Extended Read/Write address from WRR 
01 l=CurT«nr level XR2 
100=Cuntnt kvel XRl 

35 101 =Current level GRl 35 

1 10= Odd fcgisser of pair addressed by W A in current level 

I I I s=W A address in current levd 

Dan Fonnats 

Format of data in storage-^an address defines the locadoo of a nine4>it byte, which 
40 15 the basic ektnem of dau in storage. Consecutive bytes are defined by coosecutivety 40 
increasing addresses. A word is a group of four consecutive bytes. The location of a 
group of b>-tes is defined by the address of the leftmost byte. A group of bytes is 
halfwordt word, doubleword, or quad-word aligned if its address is an integral 
multiple of rwo, four, eight, or sixteen, respectively* Instructions in storage must be 
45 half word aligned. Word-length operands must be word-aligned, and doubkwofd 45 
operands must be douMeword aligned. 

Numeric Data — Numeric daa has only one fo im f ullword integers The radix 
point is assun^d to be to the right of the least significant bit. Negative numbers axe 
represented in two*s complement form. The location of a daa word is defined by the 
50 address of the leftmost byte, and the daa word must be word aligned. 50 
32 -Bit OpersQons^Incerfaces that connea ±t lOP system to machines with a 
32-bit word length should pack the 32-bit dau as shown, eight bits right-justified 



within each nine -bit byte: 



Ti rrir 



This packing permits bytes to be addressed using the normal lOP system byte 
addressing. Special instruaions (LD32, ST32) are provided to convcn 32-bit numeric 
data from this form to a 36-bit. right-justified, sign-extended form, and back. 

Register Formats . 

General— Visible registers are diose processor registers whach can be acoessea 
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with processor softwut lostructioos. The foUowing coDSCtuce the visible registen of 
Che lOP system: 



system 

a. Process Sate Register 

b. losmiciioa Counter 
c Page Table Base Register 

d. Gcnerri Registen 

e. ContiDl Block Base Register 

f. Process Control Register 



(PSR) 

ac) 

(PTBR) 
(GR'») 
(CBBR) 
(PC31) 



10 



The PSR, IC PTBR and GRs are bekl in scratchpad 28 as sixteen 36-bit registers 
and arc assigned as shown: 



10 



IC 



STEERING (PlR U 



«»OCCSS TIMER 



AOORCSS 



CRt 



MCC TABLjC BAS£ 



KEY 



Process Sute Register (PSR) — ^The Process Stixe Register holds infonmcioo 
essential co dx control d the current process. It has dte foUowing fovsats: 



IGRq) [ 



7 6 s to T1 \i n 



STEERmO P R A CC C 



PROCESS TIMCT 



15 



20 



25 



30 



35 



40 



Steering [0:8] — Steering inserted to identify interrupt source. 
P[8 : 1 1— Privilege. Master (0) or Skve (1) Mode. 

R(9: l]~£ztenul Register. Cemin noft-IOP/P registers cannot be ahered if diis 
bit is set 

A [ 10 : i ]— Address Mode. Absolute (0) or Paged (1) Mode. 

CC(11 :2)— Coodidan Code. Meaning of the condition code is given for each 

lOP/P instructioa 
In general, the correspoodence is : 



Result =0 
Rcsult<0 
Result>0 
Overflow 



CC«-0 
I 
2 
3 



C113:1J— Carry bit out of adder. Carry (I) or No Carry (0) resulting from 
execution of instructions using ahthnxtic functions of the adder. (Add, 
subtract, multiply, divide, compart and negate). 

Process Timer [14:22] — A tinier which is deoemenced periodically while the 
process is active. A process titner runout exception occurs when the tixaer 
value reaches zero. The omer is decrtmented otice every 512 processor 
cycles. For a cycle time of 80 nano&econds, this results in a minimum value 
of about 40 microseconds, and a maiirraim value of 2.67 minutes of the 
timed intenraL 

Due to (he frequency of access to the PSR, either for modificitioc or refe r enc e, 
die actual value for the current process is held in a special register outside die general 
register scratchpad. For pcrfortnance reasons, changes in the register are not reflected 
in GRo. This scratchpad locadon assigned to the PSR is used only to safestore die 
current PSR value in the event of an inoenupc 

iDstructioo Counter (IC>— The Instruction Counter holds the address of the cur- 
rent instructioa. SiiKe instructions must be half-word aligned, the least significant bit 
is always zero. The IC s held in GR^ and it has the following format: 
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ic 



3 * • I 



IC 



L/R(0: 1]— Locai/Retnott. Specifics Lodl (0) or lUmoce (1) memory. 
S(l:3] — Stecrinf. Specifies which icmoce onsory for raaote nwDory rcfcr- 
cnoes. 

RFU (4 : 5 1— Reserved for Future Use. 

IC[9: 27]— The (byte) address of ihe cuncnc instrucdon. 

Page Tabte Base Register (PTBR)— The Page Table Base Regiscer poino to the 
paee table used to provide paged addres* reiocadoo for the curiHK process. It miy be 
icKded only is master mode. The PTBR is held in GR15, and it has dK foUomig 

fOflBBt: 



I 9 



rttn 



C5J 



KgY 



1 



L/R(0 : 1 1— Local/Remoe. 

fiiJ^KlsiSrognia Number. A 6cld whidumy be wed by the iofw« to 
JddSSSTiogiiB ide«ifiati<a. TTiii field a «doiw1 by d>e pn*- 

p«e*T^ B^S^lll-Thii is the abwlute iddiw of the bne ct 
^ PigerSjk WoRis for diis proce«. Since the addim a fiUed to 27 bia by 
ISTwo. at die rigiSl^t oUe ^Jdresiei a»« be amfrxax to 0 

Key "fS: 6) -5^ W i» t ptoom identifier «ed to anodate Page Table Wofd. 
with praoenes. 

Geoend Renaen (GRa>— The itnainiiig 13 tegisten GR,— GRv. «« »»f«J 
RgisteTS. Their contenu nay be used u wuroe or desoaoon operands, or a» fir« or 
lecond-Ievel address modifien. • • e 

Gesenl R««i«en are used in eveiHidd pairs by soaae instiucQ«is. For mae 
iati«rtons. tKR number must be e»en aal die odd njwer o«d«e PJ» « 
MBh5*ier numbeml register. For tuufk, if d«e even OR speofied » 4 d>e odd 

"^'Oj^i Block Base Regiaier (CBBRKITie Con«l ^ ^ JE^ i'uS 
abwiiute addreai which points to die base in memory of the Eicepo<» Conort Blocfc 
(bS) and IntKiupt Ownni Block aCB) tables. TTiwe aWes «e '^^^^^ 
The CoBBolBIock Base Register is actually hdd in 4e soatehpad Jocaooa 
aligned to OR. for die highest priority process IweL Two CTB vahjes, a pnmary and 
as«»odafy, are held in the Rgisier, which has die followMf fotmat: 



1 a.t 



IB II M 11 14 IS ?0 



ca87 1^ s 



fVFU 



cesi 



3 



S«con««rT CBS 



Primary CBB 



The Primary CBB is used for ail exceptiooSk and for all intenupcs ezcepc dioae asscv 
dated with local memory errors. When used, the primary CBB is aligxied as shown : 
Primary CBB 

71 75 » 



0 9 



CBB1 



000 00000000 



This alignment pennies the locatioD of the bases of the ECB and ICB tables mi 
any 512-word boundary in any metnory. 

The secondary CBB is invoked for interrupts due to local memory errors, when 
used, the secondary CBB is aligned u shown: 

Secondary CBB 



3 4 



8 9 



RfU 



000 0000 00 CBB} 



OOOOOOO 0000 



3 



This alignment permio die location of d^ bases of dte secondary ECB and ICB 
tables on any 512-word boundary widiin die first 64K of my memory. 
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The EzcepdOQ Coacrol Blocks and the Interrupc Coacnsi Blocks ue stored as 
shown bdow with rtspea to the CBB : 



16 



CBS" 



i 



HQ 



Process Contxol Regisccr (PCR>— There is one Process Conool Register (PGR) 
OJUMUU P to all kvds. It has the (oUowiog f onnat : 





0 • 9 IS 


16 


17 


11 


19 


70 77 


71 7« 


7f 


79 n 




Etctfptiofit 


Errors 


LZ 


R 
F 

U 


i 

0 


TT 
0 

M 


RFU 


PROC 
• 1 

LCvei 


I 

M 

H 





10 



15 



20 



25 



30 



35 



40 



45 



ExoeptiOQs [0:9] — Each bit indicates an ezceptiOD of particuUr type. 

Parity Errors [9:7] — ^Identifies the point ia the processor at which a parity error 

WIS detecxBd. 

L2(16:l] — ^Ko itspuuxa to level zero tncetrupc present (LZP). 
RFU(I7:1] — Reserved for future hardware use. 

T&D(18:1] — T&D Mode. Hah instruction stops prooessor. AU intemipts are 
i^sorod* 

ROM[19: l]^ROM biL Controb acsesa to Read Only Mauory, 
RFU[20:3] — Reserved for future hardware use. 
PROC # k LEVEL (23 :4]— Processor number and level 
INH[27:1] — Interrupc inhibit bit. 

INT. REQ. (28:8]-HJit)errupc request bits. Each bit set indicates a sofrwire ict 
intenupc at a level corresponding to the bit pocitioo Request level 7 (Bit 35) 
is always set. Proceaaor intexr^Ks at leveb 0—7 use ICB*9 8— IS respec* 
tivety. 

Ezcepdons 

Exoeptios are processor-detected condidons which cause aucomatic entry to an 
exception processing routine. Ezcepcion conditions may be created delibentely, or tbey 
may be die result of a programming error or a hardware error outside the processor. 
Exception conditions are defined as shown below, the correspondence being shown 
between type and bit positions d the PCK 



10 



15 



Exception Type 

Operation not complete (ONC). No response on an accepcanec line (ARA or 

ARDA) from SIU. 
Page address bounds fault (Key check). 
Page access fault 
Page not resident in metnoty. 

lUe^ operation (invalid instrxxiion, illegal tbve instruction, or illegal slave 

operation). 
Process timer run out. 

Overflow if PSR CC= 1 1. Divide Check if PSR CC=00. 
Lockup fault (inhibit interrupts for more than 40 /as). 
Address miaalignmenL 

Exception conditions are identified by a four-bit exception number. For master 
mode entry exceptions, this exception number is taken from bits (10:4] of the 
instruction. In all other cases, the exception cumber is zero. The exception number is 
used as an Exception Control Block Number (ECB ^) to identify a four-word Excep- 
tion Control Block (ECB) which poinu to an ezcepcion processing routine. The byte 
^dress of an ECB is given by : 

ECB addxcss^Control Block Base— 16 (ECB # + 1). 



PCRBit 
0 

1 
Z 
3 
4 

5 
6 
7 
8 
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The fonnat of each £CB is shown below : 

f P?B 

*A Saving Area Poincer (SAP) for the lOP processor is held in the third wo'jd 
of ECB 0, asd a SAP for a second lOP processor is held in the third word of £CB 
5 1 if die system includes the lOP processon. The third words of ECB's 2 — 15 arc not 5 
tised. 

Before an exception processing routine can be entered^ nvnriil information about 
the current process must be safe-«tored. This is perfoimed as a put of the processor 
response to an exception. Since occurresces of exceptions ny be nested (Le., a 
10 second exception may occxir before completion of processing for the fiist, a stack is 10 
used to provide space for process safestore. Tlie sack pointer is called the Saving 
Area Pointer (SAP), and it is held in the third word of ECB 0. Multiprocessor 
systems require a second suck, and the SAP for the second ptt)cessor is facid in the 
third word of ECB 1. 

1 5 When an exception is detected* the appropriate Saving Area Pointer b retrieved, 15 

and information about the current process is safestored in the stack in die foUowiag 
order: 



Stack entry 
for currtnt 
PrecMt 



The Saving Area Pointer is updated aooordingty. 

^ The IC stored iD the stack points to the instruction following the one in process 20 

at the time the exception was detected. The address stored in the first stack locadoo 
is the last address of interest generated before the exception was detected. It is 
primarily for exceptions involving addiesses, incliKting operation doc compkce, 
bounds, access and missing page escepdoos. 

25 After thi s inf ormatioo about die current process has been safestored in the stack, 25 

the PSR and PTBR are loaded from die appropriate Exception Control Block, and the 
address of the Saving Area Pointer use by the processor is loaded into GRa. This 
completes the entry to the exception processing routine. 

Upon completion, the excepdoo processing routine must issue a special tnstruc- 

30 tioo (RMM) to return to the process in which the exception was encountered. This 30 
instruction Loads the PSR, IQ GR2, GR3t GR4, and PCR and the PTBR from the 
stack, and decrements the Saving Area Poiooer. If exceptions and RMM instructioiis 
do not occur in pairs, the exception processing software muu ensure that the stack is 
properly rtwinrain^ There are no checks for erron in software mani^ilation of the 

35 stack pointer, or for sock overflow or underflow. 35 

Interrupts 

Interrupts are events detected ounide the processor which require a processor 
response. Interrupts in the lOP system may be assigned to one of eight priority levels. 
Level 0 is the higheu priority level, and level 7 the lowest. In order to minimi rr the 
dme required to amwer an interrupt request, the lOP/P provides a complete set of 40 
registers for each of the eight levch. When an intemipc causes the initiaboo ci a new 
process, the current process is left intact in the registers assigned to the current 
process level. Control may be returned to the interrupted process simply by reactivat- 
ing that process leveL The need to safestore and restore interrupted processes is 
45 eliminated, along widi the accompanying overhead. 45 

The sixteen registers for each level are held in successive l6-regi$ter btixks in 
the 128-word lOP scratchpad 28. Registers for level 0 are held in scratchpad locations 
0 — 15. Since the PSR for level 0 is never transferred to the scratchpad (level 0 cannot 
be interrupted), scratchpad locauon 0 is used to hoid the Coniroi Block Base. Con^ 
50 muoicatioo between registers at different levek is possible only via master mode copy 50 
instructions which address the scratchpad. 

The lOP System Interface Unit (SIU) constantly moniton both the current 
process level of the processor and requcsu for interrupts. Each interrupt request 



Final SAP 
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specifies the number of the processor to be ioterrupced (if the system iodudes more 
than ooe processor), (he prion cy (level oumber) of the request, tad steering to identify 
the interrupt requestor. This infonzucion is held in each module (e^. HSMX, LSMX, 
or CMIO) which may request incemii^ and for most moduks it can be set using 
J programmable interface ooxzmsods. ^ 

When ever an ioterrupc request is present at a level higher than the current pro- 
cessor level, the SIU raises the higher level inimupc present line to the processor. 
If several interrupt requests are present at the saxne kvei, the SIU determine whidi 
request is passed on to the processor oo the basis of priorities esablished by port 
10 number. 10 

If the current process is not iotemipt inhibited, an interrupt request causes the 
lOP/P to suspend the current process and to wepc an interrupt word from the SIU. 
An intemipc word has the foUowxsg format: 



40 



Inttrrut 



RFU |0| tCBa|0| STEERING | 

15 N[0:1]— New. This bit if set indicates that the interrupt is a new one. If not i5 
set, the interrupt word is that of a previously interrupted request that is to 



RFU[ 1:17)— Reserved for future use. This field nwst be 0 but will not be 
checked to ascertain that the field is 0. 
20 ICB ^ {18:9]— Interrupt Control Block Nunaber. :0 

STEERING [27:9]— Steering. This field idrnfifies the interrupt requestor. 
Bits 28 to 31 are generated by die SIU and identify the source module (SIU 
port number) of the iooemipc 

To initiate the interrupt processing routine, four registers arc loaded from the 
25 associated interrupt ooncrol Mock. When the PSR is loaded, die steering field from 25 
die interrupt word is inserted into the steering field of the PSR. The other registers* 
IC, GR14, and PTBR, are loaded dirccdy from successive words in the ICB. 

The release instruction (REL is used to eajt processes entered as the resuh of an 
interrupt Af « a REL die SIU sdeco for execution die highest ptiotity process wait- 
30 ing for die processor. 30 
This process may be one that was previously interrupted, or a new process to be 
initiated as the result of an interrupt requesL At the same priority level, previously 
interrupted processes have priority over new interrupt requests. Through software 
loading of the PCR, die ptuccssm may present to the SIU an imerrupt at any level, 
35 0 — 7. However, in order to provide a wcUnlefined response to a REL executed at any 35 
level, the PCR bit requesting a level-seven interrupt is always set. 
. . ^^ new prooesaisco be entered as the result of a REL, die processor cesporue 
issimiJtr to diat triggered by a notmal interrupt, including acceptance of an interrupt 
wofd from the SIU and access to an ICB. If a previously interrupted prtxess is to oc 
re-entered, the S IU supplies only d^ level number and the faa dut an old process is 40 
to be re-enttred. Sitha the process state at the time of its interruption is intaa in the 
sc rarrhp s dj this is the only information required to restan the process. 

Address Developnaent 

Addresses generated in the lOP processor may refer to die lOP system local 

45 memory, to the central system meniory, to lOP registers outside the processor (external 

regisoenX n> registers in the cencnl system (remote registersX or to locadons in one 

of the lOP/P scratchpads. Regardless of the type of storage to be rcfcrericed, address 

development starts with the calculatioa of an effective address. 

Effective Address Development— For most lOP instructions, calculation of die 
50 effecave address starts with an Address Syllable (AS). If an instruction includes ;in 

Address Syllable, die AS occupies die field (14:22) and has die foUowing format: 





s * 


0 








0 




U 17 II 


TS 27 2i 







Within the Address SyUabk fields are interpreted as follows : 

XR,(14:4]— This field specifies die general register to be used as the first-level 
55 index. A value of 0 indicates oo first-level indrring 



45 



50 



55 



STXV. EMC 
S7K02917 



Index Bit 1 18 : 1 1-If this bit is 0, no second-level indexing is Pei*""^' "f.*" 
long displacement b used. If the bit is 1, a second level of indexing is 
perfonned, and the shon displacement is used. , ■ . 

XR,[19-41— U the index bit is set, diis field specifies die genenl register to be 

D(19:t7I-u'^t^bKnot set, D is a I7*it (long) displace™^ 

which is sign extended to 36 bits. ..... , n -.. 

D{23:13]-IfSe index bit is set. the 13-bit (shon) dispUoenrnt value D is 

sign-extended to 36 bits. 

10 Certain instruaions (BRB fonoat) also ttferenc* storage, but do not incWe « 

Address Syllable. In this format, the dispUcement m the instmcnon - »'l 

is imptdUy relative to die current value of the instruction cwinter 

la suiinary, the efieciive address is a 36*it suai, ealcuUted from 36*it addends 
in one of the f olicwing ways : 

1 5 Instructions with an Address Syllable: 

No Index EA=D(19:17) sign-«ttended 

1 Index EA=(XR.)-t-D(19:17] syij«teaded 

2 Indices EA=(XR.)+(XR,)-I-D(23: 13J sigtHextended 



0 


1 3 i 1 


9 






AbtOlgtt (i 

Adortsi y 






1 



10 



20 



Instructions with format BRB : 

aS«l Index) EA=(IC)-hD(l9: 17] sign-extended. ,op,p 
vS»rv Reference Operations-AU addresses geaeraced bf lOP/P toaury 
refe!S^st^io<rairSyte «ldr«« Interpr^tioo of (he efiecnve Mr^ 

dcDcnds on tbc setting of the address mode bit in the riiL . 

^^dutTAddresL-In absolute address mode, the effective address u also the 
absolute address. It is interpreted as follows: 25 



30 



L/RfO: 1]— Local/Remote, This bit specifies whether the memory request is to 

be diiecied to the lOP (local) monory (0), or to the ccninl system (lemott) 

sacmory (1). 
30 S[l:3I-Staring. 

Local Memory References: • ■ • ^ f^ii™ - 

For references » local memory, the stccnng field is interpreted as follows. 

Bit 1 — Local Memory Pott 

Selection of the local memory pen to be used by an lOP processor is 
nornaUy conirolled by a bit in an SIU configuration register. How- 35 
ever, ihc other local memory port will be seleaed if Bit 1 (the lefooost 
steering bit) is set. 

Bit 2— ROM ^ . ... . 

Steering of local memory requests to the ROM ts controUed by the 
"Exclusive OR" of Bit 2 and the ROM bit (Bit 19) from the PCR. A 40 
result of 1 directs a memory request to the ROM A resuU of 0 m^)Urt 
a normal local mexmry request. 

Bit 3 — Reserved for Fuiurc Use 

Bit 3 is not used for local memory references. 
iz Remote Memory References: ^ ,^ ^ ^ 

For references to rcmow memory, the steering field ts mterpteted as 

follows : 

Bit 1— REMA Select ^ . . . , 

Selcaion of one of two Remote Memory Adapters ts controUed by Bu l. 
cA Bits 2 to 3— REMA Pon Sdect ^ ^ n- j 7 

A remote Memory Adapter pon is seleaed by Bits 2—3. 
RFU[4:81— Rescr%ed for Future Use. This ficW is ignored by the 
Af9:271— Address. A 27-bit byte address specifying the locauon of a byte in the 
memory identified by the Local/Rcmott and Steering bio. 

55 Paged Addresses— In paged mode, an address translation is apj^d to the effec- 

tive Ll«ss to>oduce an^lute address. The effective address is mtcrpreted *s 

follows: 



50 



STX V. EMC 
STK 02918 



20 1447381 . 20 

,2 L2_Jfi ii_i5 fi, 

RFU(0: 18)— Reserved for Future Use. This field a igz>ored by cfae hirdwarc 
PN(18:7)— Page Number. Up to 128 pages are availab le to each process. The 
page number is used to locate a Page Tabie Word (PI W) in cbe page table 
5 for this process. 5 

PRA(25: 11]— Page Relative Address. The PRA specifies a byte address within 

a 2K byte page (512 words). 
Refernsg to Figure S, the absolute address is developed by concatenacing the 
page relative address and the page base address from the page table woid (KIW) 
10 specified by the page number. Tbc local /remote aod steerixig fields in the absolute 
addres are also si^plied from the PTW. 

Absolute Address [0:3] <-PTW[0J] 
Absolute Address (9: 16] ^PTW(9: 16] 
Absolute Address [25:11] <- Effective Address [25:11] 

1 3 The operat iog is diagrammed below. 

The PTW address is computed by adding the p age number to the page table 
base address held in the page abte base register (PTBR). A description of die PTBR 
format is set forth above. The FTW format is shown below: 
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L/R[0:1|— Local/Remote. 20 
S( 1: 3]— Steering. 
A[4: 2]— Access. This field specifies access privileges for this page: 

A Access Privileges 

00 Read 

25 01 Read, Write 25 

10 Read, Execute 

11 Read, Write, Execute 

R[6: 1] — Reaidenoe, This bit is set to indicate dat this page is present in l(xal 
mciuury. 

30 RFU(7:21— Reserved for Future Use. 30 

Page Base Address [9: 16]— This field specifies die absolute address of die first 
word of die page. Paged addresses are formed by concatenating the 16>bit 
Page Base Address and the U-btt Page Relative Address. 
RFU(25: 2]— Reserved for Future Use. 

PN(27;3]— This field is used to identify PTW'i held in scratchpad storage. It 35 

must be equal to the three most significant bia of the page number. 
K£Y(30:6]^Tbe key identifies the process with which diis P7^ is assodaoed. 
In this implementation of paged addressing, a scratchpad in the lOP processor 
amy be used as a pseud oassoci ative memory to bold up to 16 PI Ws for the curreoz 
proct. Access of these PTWs is described by die following algorithm : 40 

llie PTW in the location addressed by the Least-significant four bits of the page 
number is read from the scratchpad, and the key is compared with the key in the 
PTBR. If die keys do not match, die PTW is not associated with the current process, 
and the correa PTW must be fetched from main memory. 

If the kty% match, die most significant three bits of the page number are com- 43 
pared widi the PN* fie ld in the PTW the ON field being 3 bits). If the numbers are 
not equal, the correa PTW is not held in the scratchpad, and it ooust be fetched from 
main memory. The access privileges are then checked. If the request is valid, the PTW 
is used to form an absolute address, and a memory operation is initiated. If not, ^n 
50 cxcqKion is generat ed. 5q 
When a new PTW must be fetched from main metnory, it is read from the 
address calculated by adding t he pag e number to the page table base address from the 
PTBR. If die key in die new PTW matches die key in the PTBR, the new PTW is 
saved in die scratchpad in the location just referenced, and used to complete the 
55 absolute address preparation. If the keys do not match, the process has exceeded its 55 
address range, and an address exception is generated. 

Programmable Interface Operations — The Programmable Interface (PI) is used 
by the lOP to read or write data in conuol registers in other modules. An address for 



STKV. EMC 
STK 02919 



21 



10 



15 



20 



25 



30 



^ 14^7381 

Read External and Write External instructions is derived from the sign extended 
innaediatc value given by the instruction plus the contenu of an optional index regiscer 
(GR2) ipccified by the instructioa The most significant byte (0:9) of the address is 
ignored, and the least significant three bytes [9:27] are suppbed to the program- 
mable interface. Page relocation is never applied to programmable interface addresses. 
InterprtutioQ of die address ponxoo of a PI conmiand is left to the a d d res sed device. 

Instruction Summary _ 

General — This section provides information ooooeming tnitruccion kngin, storage 
location of instructions, and instruction formotSi. 

Instruction Length and Storage Locations— lOP processor instructions arc either 
two or four bytes in length. Bytes of an instruction are stored in consecutive storage 
locatiom. The storage address of an inscnictioo is specified by the address of the kft* 
most byte and must be a multiple of two. The entry for e«± insiructioo includes a 
mnemonic code, the instruction name, and die formtf, Afl instructions with three- 
letter mitemonics are balfword insonictions» and all fuM*word instructions have four- 
letter l A MJ C I IW W liCS. 

General Register-General Register Instructions — Thirteen mstructi ons p erform 
arithmetic or logical operations on operands from the bank of geoetil tegistett. These 
instructions have this fonmc: 



21 



0P— Operation Code 

GR,— A four-bit field wfaicfa specifies one of die GR*s as opemd one: Tfau 
register is used to hold the sesult of those operations wfaidi require a result 
register. 

GRj— A four-bit field which specifics one of die GR*s as operand two. The con- 
tents of this register are not changed excepc where explicitly stated. 



MnexnoDic 



CRR 

AOR 

SBR 

MPR 

DVR 

CMR 

ANR 

0RR 

X0R 

CAR 

TPR 

ACR 

NGR 



Instructioo 

Copy — Regiscer to Renter 
Add — Register to Repster 
Subtraa — Register to Regiscer 
Multiply— Register to Register 
Divide — Recittr to Renster 
Compare— Regis&er to Register 
AND — Register to Register 
0R — Register to Register 
Exclusive 0R— Register to Regiscer 
Comparative Al^D — Register to Regiscer 
Test Parity d Register 
Add Cany oo Register 
Negate Register 



General Register— Scraa±pad Register Instruction*— Four inductions cause the 
transfer of infom»Don bcrsveen processor scratchpads and general regxstett. These 
instructions have this format: 



AS 



-jnr 



35 



OP— Operation Code 

GR— A four-bit field which specifies one of die GR's. 

AS— Address syllable used to calculate the effective address Y. The least sigrun- 
cant seven bio of Y specify the scnxhpad register. Other biu in the 



10 



15 



25 



30 
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Mnemonic 


Instruaioo 


CRSG 
CPSG 

CGRS 
CGPS 


Copy Register Scratchpad to GR 
Copy Kl^ Scratchpad to GR 

Copy GR to Register Scratchpad 
Copy GR to PTV SoMhpwi 
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Gcoml Register — KoQ-Proceswr Register losmictions — Four instructions cause 
the transfer of infonmtioo b e t w e en gcaeral registers and non-processor rrgi si e n . 
These insmictions have the f oUoving fonsat : 



CACl 



0^ js 




0 T • 


1 1) II I* n « 








1 1 


1 11 It u 





OP— Operation Code 

GRi— A four-bit field which specifies one of ihe GR*s. 
GRtf — An optional index register. GRy=0 imf^ no index. 
I — An 18-bit inxoediace dispbcement whidi is sign extended with the sign bit S 
10 to word length. After performing the optional indexing the resulting address 

is interpreted as the address of a register outside the lOP/P. 
AS — Address syllable used lo calculate an efiective address Y. This address is 
izuerprcted as (he address of a roister outside the lOP/P. 



10 



Mnemonic 


InstiuctiOQ 


RDEX 
WREX 
RDRR 
WRRR 


Read Extermi Regisser into GR 
Write Eiiaual Register from GR 
Read Remote Regiscen into GR 
Write Reaaoce Registers from GR 



15 Gcnenl Register — Spedal Register Instructions — Four instnictioos perform 

logical opeiatioQS on the Process State Register and the Process Cootrol Register. 
These instnictioos have the following format: 



20 



0P--Operation Code 

GR — A four-bit field which spedfies one of (he GR*s. 



20 



Adnemonsc 


Instnictiao 


CPC 
APC 
0PC 
CPS 


Copy PGR to GR 
AND GR to PGR 
0R GR to PGR 
Copy PSR to GR 



Register-Memory Loads — Eight znstiuctiOD load general registers from memory. 
These instmctions have this formtt: 



OP 



on 



AS 



25 



OP — Operation Code. 

GR — A four-bit field which specito a GR to be loaded. 



25 



Moemanic 


Instruction 


LDMG 


Load Memory to GR 


LDBG 


Load Byte to GR 


LCMG 


Load and Clear Memory to GR 


UMG 


Load 2 Words Memory to GR 


LAMG 


Load Absolute Memory to GR 


LD32 


Load from 32 Bit Format 


LCAC 


Load and Clear Absolute to GR 


UAG 


Load 2 Words Absolute to GR 
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Register- MoDory Store* Six instructions store general registers to 
These instrxictions have the foilowing format : 



23 



memory. 



cm 

8 — n 



OP GK 

4 J WTU 



AS 



OP— Operation Code 

GR — A four-bit field which specifies one of the general registen. 
AS— Address syllable used to calculate the absolute address X. 



MjiemoKBC 


InstrucQoo 


STGM 

STGB 

S2GM 

SAGM 

ST32 

S2AM 


Store GR to Memory 

Store GR to Byte 

Store 2 GR*s to Memory 

Store Absolute GR to Memory 

Store in 32 -bit format 

Store 2 GR*s Absolute to Memoty 



10 



Register-Memory Aritfametic and Logical Operations — Thinees instructions per- 
form arithmetic and logical operanoos on general registers and memory operands. 
These instructions have the following format: 



10 



OP 



Off 



If 



run 



OP— Operation Code 

GR— A four-bit field which specifies one of the GR's. 

AS — Address syllable used to calculate the absoiute address X. 



15 



Mnemonic 



ADMG 

SBMG 

CMGM 

CMBM 

ANMG 

ANGM 

0RMG 

0RGM 

X0MG 

X0GM 

CAGM 

ALMG 

SLMG 



Instruction 



Add Memory to GR 
Subtract Memory from GR 
Compue GR with Memory 
Cos^nre Byte with Memory 
AND Memory to GR 
AND GR to Memory 
0R Memory to GR 
0R GR to memory 
Exclusive 0R Memory to GR 
Exclusive 0R GR to memory 
Comparative AND GR with Memory 
Add Logical Memory to GR 
Subtract Logical Memory to GR 



15 



Tr«fTi^i'ar<> Operand Instrucrioos 

Shon Immediate Instructions with General Registers — Three instructions per- 
form operations on a general register and a shon inmediate operand. These instruc- 
tioas have the following format : 



20 



OP 

— yir 



Gff 



Trn — rf 



20 



OP — Operation Code 

I — A six-bit signed immediate value which is sign extended to word length. 
GR— A four-bit field which specifies one of the GRY This register is used to 
hold the result of the operation. 



Mnemonic 


Instruction 


LSI 
ASI 
AU 


Load Short Immediate into GR 
Add Short ImzDediaxe to GR 
Add Logical Immediate to GR 



Short Immediate Instructioiis with Memory— Two instructions per form opera- 
tions on a short immediate operand and an operand from memory. These instnictioos 
have the following format: 
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24 



10 



15 



OP i& 

— tir 



AS 



QU 



n 



OP— Opmrioo Code 

I — A six-bit signed immediate value wfaicfa i$ sign ezteaded co word lengtb before 
being used. 

AS — Adoreas Syllable used to calcuiate the effective addrcv X. 



A'^nesio^uc 


InSQUCOOQ 


SMSI 
AMSI 


Stofe to Memory from Short Immediitc 
Add CO Memory from Shon Imnwliacr 



Arithmetic InstructioD with. Long Tmmrd iarr»— Two imtructicfu pafmui axitfa- 
meoc operations oo a general cegisur and a long immediate. These instructions have 
the following format: 



OP 



0», 

u — 



OP— Operation Code 

S — Sign bit for irnrrrriratr operand. 

GRi — A four-bit which specifics the general register to receive the lesulL 
GR} — ^A four-bit field whidi specifies the genenl register used as an operand. 
I— An 18-bic immrriiart operand which is sign extended with the sign bit S to 
wc^ length. 



10 



15 



Amnemonic 


Instruction 


LDU 
ADU 


Load Lower Immfyiiafr to OR 
Add Lower Immediate co OR 



20 



Logicai Instructions with Loog Immediate — Nine instructions poform logical 
operations on a general register and a halfword imoaediate. The immediates are classi- 
fied as lower immediates and upper immcdiafrs. The terms "lower** and ''upper'* 
refer to the half of the operand word ^yrified by the imnediate. The other half 
of the operand word is filled with a fill biL Tbeae instmcdoos have the following 
format: 



20 



25 



30 



or 



I — ^lu — iiSr 



OP— Operation Code 
F— Fill bit 

GRii— A four^t field wfaicfa specifies the general rtgisier to receive the resulL 
GR, — A four-bk field wfaicfa specifies the general register used as an operand. 
I-*An IS-bit immediate operand wfaidi is filled to word kngifa by the fill bir F. 
Lower immrdiarrs are filled on the left and upper ismediates are filled an 
- the hgfaL 



25 



30 



1711 



MrKmoPic 



CMU 

ANU 

ANUI 

0RU 

0RUI 

XOU 

X0UI 

CAU 

CAUI 



Instruction 



Compare GR with Lower Immediate 
AND GR with Lower Immediate 
AND GR with Upper Immediate 
0R GR with Lower Inunediate 
0R GR with Upper Immediate 
Exdusve OR GR with Lower Immediate 
Exclusive OR GR with Upper Immediate 
Comparative AND GR with Lower Imnaediase 
Comparative AND GR widn Upper Imosdiate 
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iDstniciioo with Byte IxnxDediace — One icsmicdoo involves a general register and 
a byte imtDcdiate. It has the foUowing format : 



OP 



6«, 1 



• • qiiu IT* 



OP — Opemioo Code 

GR,~A four-bit field which specife the OR containing opennd oae. 
OR,— A four-bit field which is ignored. 
I — The 9-bit byte immrriiarr 





InstrucQoQ 


CMfil 


Comptre GR with Byte Innediace 



Shift InstructioQS , , ^ 

Six tnstructiocB perfonn shift opentioni oo the gencnl registm. In all of these, 
the shift count J may be specified either in a register or as an immrdiarf value. If ) 
is contained in a register, the foimat it : 



OP 



— rt — sm 

If J is an inanediau vahje, the format is : 



G»7 



OP I 
7l 



CR 



I3U 



OP— OpentioQ Code 

GRa/GR*A four-bit field which specifies the general register to be shifted. 
GRt — A four-bit field which spedfies the GR ronraining the 6-bit shift count J. 

The leftmost 30 bits of GRi are ignored. 
I—The 6-bit field which spodBa the shift count J. 



GRI GRGR 


Inttnictioo 


LSL LRL 
LSR LRR 
ASR ARR 
RSR KRR 
DSL DRL 
DSR DRR 


Logical Shift Left 
Lo^ Shift Right 
Arithmetic Shift Right 
Rotatiooal Shift Ri^ 
Double Shift Left 
Double Shift Right 



Bit Field Instructions 

Bit Field Extraction Instructions — Two inscnsctions are used to extraa bit fields 
from one GR and load die field into another GR. These instructioos have the follow^ 
ing format: 



I OP 1 G«i 
^ tl 



u — irn — 



I JoT-l 



25 



10 



15 



20 



25 



30 



35 



OP — Operation Code 

GR. — A four-bit field which specifies the source register 
OR*— A four-bit field which specifies the sources register. 

F„ F*, 6t F,— Three 6-bit fields which define the source and destination bit 
fields. (Ko hardwire check is made for consistency of the diree fields). 



Mnemonic 


Instruction 


EBFS 
EBFZ 


Extraa Bit Field, Zero Fill 
Extraa Bit Field, Sign Extend 



Extraa and Compare widi Register Instructions — Two instructions are used to 
extraa a bit field from one GR and compare it with another GR. These instructions 
have the following format: 



30 



35 
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26 



0^ 



0«i 



iO 



15 



20 



25 



35 



OP — Opentioo Code . 

GRi— A four^)it field whidi specific* the GR » be ojcipar^ ^ ^ . 

GRj— A four-ta field whidx spedfio ihc GR from which the bit field i» 

Fu & F,— Three 6-bit fields whidi define die bit field. (No hardware check 





IxBOructiaD 


£CR2 
ECRS 


Extract tod Cacap«re with Registtr, Zero Fill 
Extract arsd Coopvc with Renter, Sign-Extend 



Extraa aixl Compart with Litenl Inscrucison— One instmoioo perfoom this 
fuiKtioo. It has the following format: 



QP 

^ J 




L 


1 Pi 


P? 


Pj 




1 


1 ou n « a u 9 


Ti ir 



OP — Opentioo Code 

L — A five-bit unsigned literaL 

GR A four-bit field spedfying the GR from which the bit field is cxtractBd. 

Fx, Fa, & F,— Three 6-bu fiekls wfaacht defiiK the bit field. (No hardware check 





InstructiQD 


ECL2 


ExCTKi tod Compare with Literal, Zero Fill 



Insert from Register ImtructioD— One inacructioa p ci fonm this fuoctioa It has 
the following fonat: 



c 



OP 



0«? 



OP — Opention Code 

GR,~A four*bit whkl& spcd&a the GR diat contains die ba field to be 

invTTffL 

GR^A four-bit field which specifies the GR into which the bit fidd b inserted. 
Fu F» & F« ^Thive 6-bit fields which define the bit field. (No hardware check 





Instructioa 


IBFR 


inaen into Bit Field from Register 



Insert from Literal InstiuctioQ— One instruciioo performs this fuixiion. It has 
the following fonnat: 



30 


OP 




L, 


OR 










9 » 


• 


t 1} 








10 n 



OP — Operation Code. 

L— A five-bit unsigned litcraL • ^ 

GR A four-bit field which specifies die register into which the bit field ts 

inserted. 

F„ F:, k Fj— Three 6-bit fields which define the bit field. (No hardware check 



Mnemonic 


Instruction 


IBFL 


Insert into Bit Field from Literal 



Conditional Bit Instructions— Two instructions set or reset a bit of a register 
depending upon die condition code. These instructions have the following format: 



to 



15 



20 



25 



30 



35 
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27 



10 



15 



I OP 1- cf \i 



4i 



QUti 



17 It 31 ]4 



OP— Operation Code. *- ^ u- * /~c 

CF— Condiaon Field, A four-bit &dd defining the condiDons. Eacb bit of CF 
corresponds to t value of die condition code in die following manner: 

CF Bit Condition Code Vtlue 

0 OC=0 

1 0C=1 

2 0C«2 

3 0C=3 

I— 1 for CDSB, 0 for CDRB. ^ ^. , ^ 

GR— A four-bit field which spedfio die GR containing the bii to beset or ««. 
FoPri F.--Thiee 6-bit fidSl^di define die bit field. (No hardwire check 





liBcnictioo 


CDSB 
CDRB 


Cooditionai Set Bit 
Conditional Reset Bit 



*™?riXtoSI!ii^ Conditional upon Condition Code-One instruction ftlU in 
diis category. It has die following fonmt: 



OP 



CF 



AS 



10 



15 



20 



25 



30 



35 



CF^lSSd^ A fouivbit fidd defining die branch coahtioas. Each bit of 

the CF corresponds to a value of die condition code in die following oianner: 

CFBit Coodtnon Code Vahie 

0 CC=0 

1 CC=l 

2 0Cs=2 

3 CC-3 

AS Address Sylbble used to compuBc die effective branch addrea»=Y 





Instructioo 


BRAC 


Branch on Condition 



the f oUowing focxnt : 



i OP j, OR 

— n — 



AS 



GR^Sf^Sit^ whid. specific ooc »f the GR'. to be uied to boW U« 
petuin adtoss. -„.:... w— ,k ,aa^il v 



Mnemonic 


Instruction 


BSIC 


Branch and Save IC 



Branch Instructions Conditional Upon Register Bit-Two instnicoons fall in diis 
category. They have this fomnt: 



25 



30 



35 
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28 



OP 



GP 



OP— Opcraiioo Code. 

B— The sa-tuc odd which spedfio the bit posidoo, from 0 oo 35, of the bit to 
be rwted. 

GR — A four-^it 6dd which specifies the GR cootsining the bit to be tested. 
D — Dispiaceoaeoc — a signed v«lue which is sign exteoded and added to the 
iastnjctioo counter to get the effective bnndi address Y. 



Moenomc 


Instniccioo 


BRBS 
BRBR 


Branch if Bit Set 
Bnoch if Bit Reset 



Tining Diagnoi 

10 Figxircs 6—20 art iUustnnvc timing diagrams for routine procedures executed in 10 

the I/O p r oc e ssor . All diagtvm are illustnced with reference to a scratchpad clock, 
which has a period of 200 nanoseconds, and- a synchronized register dock. The refer- 
ences are to the registers, swioches, control score, and ocher components illustrated in 
Figure 2. In some instances refemce to other I/O system components is implied. 

15 Figure 6 illustnoes the sequence of eveno in accessing a standard sequence, 15 

czecutiog the standard sequence (assuming no second level addressing in a general 
register), setting the next address (NA) as the current address of the standard 
sequence plus an inert nmt of three, addicsung the execution address (XA), and 
finally recuming to the standard sequence (RA) upon mmplffion. 

20 Figure 7 illuscrates a skip test execution where the microinstFuction for the skip 20 

test is at CS locaxion M. Figure 8 illustrates a Bnnch to Consant operation where 
the microinstruction at CS location M executes the operatioa. 

Figures 9 and 10 dluatxate the writing and reading, respeccivdy, of single or 
double words m or from the R/W local memory. The active output port request 

25 (AOPR) and the active request accepted (ARA) refer to the SIU active pon for the 25 

local memory. 

Fig ure 11 illistxafies a progranxxmble interface (PI) read/write operadon with the 
WRITE and READ portios both being ithtive to the SIU request given above the 
WRITE and READ. 

30 Figure 12 illustzates a request for intertxipc dixz while Figure 13 illustrates the 30 

request for interrupt dau Accompanied by a processor release to the SIU. 

Figure 14 iUustraxes an instructioa register read address update. Working register 
write (WRW) bit 34 controls the IRSW. After rhc IRSW contents change, die DL/DS 
inputs to the B switch are available. 

35 Figure 15 illustrates an instruction register write address update and ixscruction 35 

fetch, again with references to the SIU. Figure 16 illustrates the instruction fetch and 
subsequent request for a data read/ write cycle. Figure 17 illustrates an instruction 
request in process (IRIP) followed by another instruction read c>t:ie. 

Figure 18 illustzates an unconditional (Le. space in IR is known to be available) 

40 instruction fetch for a first condition where the address is not paged (PSR bit 10=0) 40 

and where the key, access, and oaeiDory residence bits are all posibve, and for a 
second condition where the address is paged (PSR bit 10=1) and where the key, 
access, or me mory residence bio are not all positive, thus forcing an interrupt, excaep- 
tioo or PTW sequesMe. 

45 Figure 19 illustrates the force entry into a PT^' miss sequence for cither an 45 

operand ;0) or a n inst ruction {I) mibs. Figure 20 illustrates entry into an exception 
routine after the PTW miss routine of Figure 19 fails to lo^:aic the PTVt* in memory. 

It should be noted that other aspects of this system are described and /or claimed 
in our copending application nos. 12051/76 and 12053/76 f Serial No's 1,547,385 

50 and 1,544.954). 50 

WHAT WE CLAIM IS: — 

1. A p io c e sa or for use in an input-^tput processing system which system per. 
forms communication and control functiona in a larger dau processing systemi coca- 
prising: 

55 a) daca-in register means, 55 

b) data-out register txxans, 
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29 



20 



25 



40 



50 



55 



c; instrucnon regisar meani receiving and storing a plurality of instrucnons to be 
cxecutod, 

d)controI store means storing addressable miooinstnicrions iaciuding standanl 
sequences of nncroinstnacnora corresponding to specific instructions, 
5 c) switch means addressing said concrol store means and caUing microinstructiom 

in response to an mstniaion in said instruction register nsans, a return addrtss 
rejucjt^ Qcn address request, an exccptioo/intcrrupc routine request, oo a page 
tabic word miss indtcatioQ, t • K-e*- 

f) adder/shifter meaos performing address formation, aridm«c operadoos, axkl 
10 data oanipuianons required for instructioo execution, iq 

8) 'forking register means storing an instructioo count, daa being procesaed, and 

memory addresses, and providing an address output and a data output, 

fa) a page table word scratchpad receiving relative addms outpuo from said 
15 2SSlcs,^^^'^^^ developing, with said adder/ shifter means, absolute 

i) a geoetal register scraocfapad re^xmaive to said cootntl store rzaeana ai^ receiv- 
mg retanve address outpuu from said working register means, and including a pro- 
cess sate register, an instruction counter, a page table base register, and a plurality 
or general rcgisten, 

j) a 6ix operazad swifidi, providing operaods to said adder/shifter nxaxK, the 
operands mcluding data from said working t^tcr means and data from said ecneral 
register scratchpad, 

k) a second operand switch providing operands to said adder/shifter means, the 
operant^ including dispiacesaents and values from said instruction register means, 
instructioo counter incrcmerus and constants from said contrci store means, and data 
from said data-in register meana, 7 • 

J) process sute and process controi register means responsive to inpuu from said 

working register means monitoring and coatroliing processor operatioo, 

m)a result cross-bar means providing outputi to said daa-out resister ff^r*\ 
30 said working register means and an operator display pwjcl, and " 

n) swioch means providing inputs to said result cross-bar means from said adder/ 
shifter means, said general register soaichpad, said process state and process control 
register means, and addnrtics. 

2. A pncator according to daim I and including a control store output register 
35 storing a nn croim truction received from said control store means during execution. 

3. A processor according to either previous claim aol including in asaodatioo 
with said coctrol store means, means addresng said control score means in response 
to an instruction to be nerured to cause the selection at first a standard irq\ifncc and 
then an execution sequence of tmcnrinstnicQons in the control store means. 

4. A processor according to any previous daim and induding in association with 
said switch means addressing said control store nyam, an execudon address register 
storing an address of a unique microiiBtxuctioo sequence, a next address register, and 
a return address register. 

5. A processor according xo daim 4 and induding adder means receiving a cur- 
^5 rent control store means address and incresnting ssud addreu to provide die next 

address for said next address register. 

6. A pTDoessor according to daim 5 and induding skip count means in association 
with said adder meam i n c rrmenring said current address by a plurality of counta^ 

7. A processor according to any previous claim and induding in cooperation with 
said page table word scratchpad a kzy register storing an identification of the process 
with which a page table word is associaood. 

8. A processor according to any previous claim and induding an address swircfa 
responsive to a microinstruction in execution addressing said general register scratch- 
pad. 

9. A processor substantially as herein described with rtfeicncc to the accompany^ 
ing drawings 

M. G. HARMAN, 
Chartered Patent Agent. 
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COMMUN/CAT/OAS 







LOCAL 










lOP 








LS&fX 



D/S4C 
TAPE 



□CTG 
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12 $H££TS ^ramtnf n a reproduction of 

tne Orifinol on a reduced icoie. 
SHEET 2 




S7X 02930 



547 381 COMPLETE SPECIFICATION 
12 SH££ rS r^jj 4ra»tfif ,\ a rtonduction of 
tht Onginat Oft o reducfd tco/e. 
SHUT 2 



^^^^^ -ji_jLJLji^ji_n__n_fi_ 



S£LeC7 fiOS/r/CAJ 



SreP AH>0€ LOAD 
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f3 SHEETS fhi5 drawmf n a reproductton of 
tht Orifinei on o rtcuctd scait. 
SHEET 4 




ALu/SM/Fraur 
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13 SHEETS drawing n a reproduction of 

c/te Orifincf on o reduced tcalt. 
SHUTS 
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This df owing ts 0 reprodoaioft of 
utt Ortginci on o reduced tco^e. 
SH££r 6 
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U SHEETS 
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1547 381 COMPLETE SPECIFICATION 
3 SHEETS 7)„, dramtnf u a rt^roduciton of 
the Oriftnoi on c reduced scttit. 
SHEET 7 



ess/sTEjz CL< n n n n n 

CSA 5X///21V 

ADoeess 

execurs s^/p s/r 



Sk/P r€sr co^^je/soAJ 



/iff¥i)ti^Si^/pao£/A/r^^ I L 

csp Siv/rcM PDce£ss r 
^j^sacr a^snkt/P rssr I 

eesaiTC^Sit/priEsr^csje ________ 

cs^'^assucT^x/p resT 



SJkf/p r£sr £X£car/o^ 

sc^ArcuPA^ ^ijt: n n n n 



^^ysrse H □ H □ □ 



/A^) — cse TL 



LOAQ a3CAr/OA/ 
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I) SHEETS dram in f is a reoroductton of 

the Oftftn«i on a rtducee scolt. 
SHUTS 



sc£j^rc^Mo n n „ n n n „ n 
^/5/3r^ n n „ n n n ^ n 



sxu esouesr rr^ j 1 



(A^PJZ) 1 I 1 I 

k^^/reoAm — DO n 



sc£Arc/jpAD cijc n n „ n r t^j n n 

sra BsQuesr ryps \ 1 



LOAD gyU^ S/S£e/A^ 
ZAC -r>« 

eeoue^r crccs 
rASPJZ) 

rABA) 




cs/z 1 



AccspreeAP OArA r— i 



SiuDAm ^oarA xm „ fl 

fT/cMiA/ process f-** *' 1 

ropsp) 



OPPS 



-KS 



DOUSLS 
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1547381 COMPLETE SPECIFICATION 
12 SHUTS 1^,^ dramtni a c reproduction of 
tne Ongtficl on a reduced tcalt, 
SHUT 9 



scearc^PAO cue ^fl- 



jaecuesr cyvl£ 



n 



JU, — n_ 



ACCS^^Q^OOATA 
rA/ZOA) 




SC£A7C^PAO CLK P H ih-TT 



ess/STSJZ cue TL 

siu esouesT typ€ r 

XJ^ CSJt ^COI i 

rA/rszeifPT c^fa 

ACCSpr JBSAO DATA 

rAJZOA) 

lA/re/zxupr -^oi 



C£\/'Sc UA/S5CMAA/SS 

/"Arc) 

vt/A/r POC SJO 
(cse s^j) 



n 



.J L 



J. 



TT^f— ^±2 2£Qi/£sr iAjr€jeec/pr data 
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13 SH££n jhti (jrtpmtnf is o nproduCtiOf* of 
t/te Cngmal on a reduutf sco'e. 
SH££T 10 



e£6/s7^^ cu: n n n n 

Mcsjz^a/c 1 L-j, 



lA/reejeapr oata r^' 1 

fAJSjOA) \ 



^ L 



scearcMP/ii? cu: H H H H 

ees/srse cac f l fl Tl TL 

fees zi'^B'iac) » ' 



ol/os AmcABLS ^ce a 
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547 381 COMPLETE SPECIFICATION 
12 SHEETS ^fg^,„g „ Q reproduction of 

Cfte Originci OA 0 reCuct^ ico/e. 

SHUT n 



scjz/^re^mc cut: 
ess/sr&z cue 
sw e^cuesr yy^pe 

STMriAJSTXUCr/CA/ fiSW . 

lA/sreucT/OA/ ^rcu ^ 

^CS^sJr ^^ T L 

M ^^J L 




Ji 



SIU Mm -^ox ^xe 

^ * /^A^^ lA^sreucr/oA/ Fere// "^^'^ 

Access riPiP) I IT 



CX'O// M^ac I L 

Acaepree^oc^r/i^j^oA) ^^_J — [_ 



I^ppoMiCCOKfrzociePBr n n n n 
sra UAJ6S AeoA saba 1 L-41 1 L-h » i I J 1 
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the Origtnot on a /'etfucfd scolc. 

SH££r n 



rA/STjeucr/OA/ ^£rcH ia/ 

process Cz^iP) II (*- 

sioeeoaesr rrpe- iaj i 1 

cse. -'/oj./jc. oje /xj w 1 I ^ 

¥i//9/r roe sza ^£se s*/) P ' | „ 



roeC£ X^IP TO STAY SST f l 



scjBA^cump cue n n n n 

jBBs/srse cu: fl 11 - 11 f l 



Az>oe£SS swfTw cof^reoL 
ZPPsejo»acA^Cie^/wjeer, vjj/a 




ZA/sTMuersM psre^ zaj 
peocsss fz^zp) 



p^£a/riC'i /9A/j>M£r,/9cc€Ss.aee£S/£>£MC£ a/rs do not commjzs 

ZMM§/r lOAP ZP l^£/r€ AOOgi 
ZNHfSJT SSriflP ^A^AJZ 

ssr prw-z-Af^ss 



z^^/srcoA^ze^e/rsAcoeess V///A 

A^PJZ »- 

prW'Z'Afyss n 
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1547 381 COMPLETE SPECIFICATION 

13 SH££73 17,,, ^rammf n o rtpnduction of 
th« Onftnoi en o reduced xcoic. 
SHEET n 



JT TL 



iWl- 



ji n 



M£Quesr»QU,£Oo aeta - 
'CJ^prwrsY, Access 4 



JL 



SCMTCMPAD cue 

esa/^^jz cue 

S£rPC£Qijat,0€OSIP^AULT 
PC& 01,02, O^OS 

foecs cSA •xoo 

2NH/8iTSPClOCie: 0O6 70 



j-i__n n n — 

n n TL—TL 



JL 
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